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ABSTRACT 
Increasing cost of energy, and environmental concerns are currently forcing many nations around 
the world to develop diverse sources of clean, renewable energy as alternative to none-renewable 
fossil fuel driven energy systems. One of the clean energy alternatives that is widely explored 
due to high reliability is wind turbine energy systems. For optimized design in these systems, 
stress analysis and deformation of turbine blades are highly essential components that must be 
considered in the design phase due to significant influence on reliability, performance and 
longevity of the system. The study focused on the design of a turbine blade to improve on 
existing turbine blade by performance analysis using Inventor professional software for the 
Finite Element Analysis (FEA). The design, and performance analysis was based on a 1kva 
small-scale horizontal axis wind turbine blade prototype which can be scaled up based on the 
design specification and material performance criteria. The mechanical strength of the blade was 
validated using FEA by comparing three blade materials made out of Thermoplastic resin, 
Aluminum Alloy, and Titanium Alloy. Based on the geometrical parameters of the blades, the 
3D-dimension model of blade airfoil was imported in Autodesk inventor professional software 
for analysis. The blade aerodynamic features, Von mises stress, mass density, and displacement 
characteristics are key features observed. From the outcome of the displacement result of the 
blades tested, the highest displacement occurred in the blade tip for all materials tested during 
spinning at various ideal safe speeds in line with the prototype size and the von mises stress 
concentration occurred in the blade center.  The achieved result shows conformance with safety 
displacement of wind turbine as the blade design geometry was being altered until an optimal 
geometry was achieved. For future studies, the structural strength of the materials tested on a 
comparative basis can be explored by comparing other composites, and validation of results 
using diverse environmental conditions.  
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DEFINITION OF TERMS 
Wind Turbine - A device that converts the wind power into electrical energy. 
Composite Material - Is a material that comprises of two or more materials with different 
chemical and physical properties pooled together in order to achieve the benefits derived from 
those different individual materials. 
Stress - This is when a material is applied force on it. It is among the most common reasons why 
structures fail. On materials, stress is the applied force. 
Strain/Deformation - This is the reaction to the stress applied on a material. When force is 
applied on a material stress is produced which cause materials to lose shape or deform.  
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CHAPTER ONE 
1.0 INTRODUCTION/BACKGROUND 
This section summarizes the study background, problem under research, objectives of the 
research, research questions, importance of research and the outline of the study. This research 
study investigates on the influence of blade materials in withstanding aerodynamic loads which 
cause stress/strain in the design of a 1kv small-scale horizontal axis wind turbine. There is little 
scholarly evidence which demonstrates or investigates the link between the type of blade 
material and the density in relation to the performance of a small-scale turbine blade. The issue 
of whether the materials used in the design of a small-scale horizontal axis turbine blade need to 
be understood from the context of the design of wind turbine blades.  
 
Electricity is an energy source that gets power from the flow of electrons inside a conductor.  It 
is a secondary energy source in the sense that electricity is generated from the conversion of 
primary sources of energy like hydrogen power, fossils, thermal power, solar, wind and natural 
gas. Some sources are renewable and others are non-renewable. 
 
The use and demand for electricity has increased at an alarming rate worldwide due to the rapid 
growth in population and intensive industrialization. In response to the excessive demand of 
electricity many nations tried many methods of generating electricity to meet the excessive 
demand and as well taking into consideration that global reserves that supply fossil fuels were on 
the verge of depletion. Moreover, the deleterious environmental effects of burning these fossil 
fuels cannot be condoned. In response to that most nations have harnessed wind energy to 
generate electricity. In the past, the energy from the wind was used for grinding grain, pumping 
water and powering sawmills (EWEA, 2004). In the present day, Wind turbines are an 
alternative way of producing electrical energy. 
Wind is considered a clean, renewable and sustainable source of electricity hence it does not 
produce emissions and will never be depleted (National Grid, 2004).  The extraction capacity of 
a wind turbine is determined by the blade design. In this modern day, wind turbines are designed 
with longer blade lengths as a way of attracting more wind and reducing the costs of generating 
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electricity (National Grid, 2004). This means that wind turbines are becoming more powerful. So 
as to meet the growing demand for electrical energy. More wind turbines need to be erected. 
One of the most important parts of a wind turbine is the blade. Its role is to extract velocity from 
the wind or to harness the power from the wind in order to generate energy. The equation for the 
extraction of power from the wind is P=F.V. Where P is for Power, F is the vector for Force and 
V is for the velocity of moving air (Mathew, Athul,Barath and Rakesh, 2018). Designers and 
researchers are concentrating much on investigating on the various methods of blade 
optimization. There are numerous types of materials that engineers use when designing wind 
turbine blades. Some materials used in the design of wind turbines are weak and have short life 
spans.  The quality of the materials used in the design of wind turbines has a direct impact on the 
life span and performance of the wind turbine (Wang et al, 2014). 
 
This research study focuses much on the structural design of a wind turbine blade. Structural 
design is very essential since blades that do not meet the structural standards fail or break during 
operation. If excessive loads are applied to wind turbine blades, they can fail to withstand the 
loads and as a result the blade will fail. A standard wind turbine blade has to withstand 
aerodynamic loads. Gravitational loads cause the turbine blades to yield. Loads from the wind 
are known as flap wise and loads from gravity are known as edgewise loads (Mathew, 
Athul,Barath and Rakesh, 2018). 
There is a compromise between aerodynamic and structural requirements. Thin airfoils are the 
most ideal from an aerodynamic point of view and a thick airfoil is required from a structural 
view. Composite materials are used for stronger and durable blades. The key material 
requirement is great stiffness so that it will avoid bending of the turbine blade and high strength 
for fatigue resistance.    
This study presents and defines a simulation model of a customized 1kv wind turbine blade with 
a length of 0.5m designed in Autodesk inventor software and tested using Finite Element Method 
(FEM). An imitation of a real wind turbine blade will be experimented in a simulation. A 1kv 
turbine was used because it is small scale, affordable and highly suitable for low speed wind 
environments. That means a 1kv wind turbine was ideal for this study. 
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The aim of the analysis is to validate the blade strengths and to compare three different materials 
and select an ideal material which is most be suitable for the wind turbine blade.  
RESEARCH PROBLEM STATEMENT 
The blade of a wind turbine is the most strategic part for capturing wind energy and is one of the 
most important components of wind turbines. Wang et al. (2014) estimated the cost of the wind 
turbine blade to be 20% of the overall cost of the whole wind turbine. The design quality of the 
blades has a direct influence on the performance and life span of the wind turbine and the 
mechanisms. With the development of wind energy generation, wind turbines are increasing in 
size.  This research aims to analyse and come up with the ideal blade material that engineers can 
use in the design of a scale horizontal axis.  A standard blade material must withstand 
aerodynamic loads.  
Therefore, the blade geometry, physical design and analysis are mainly essential for wind 
turbine. As a characteristic flowing measure, the blade undergoes from the mechanical vibration 
as well as aerodynamic impart while rotating. Therefore, during the application and design of 
wind turbines, performance analysis of the strength of the blade, rigidity and life span is very 
essential. Modelling and FEA analysis from engineering software are a kind of operative means 
to improve the performance of the wind turbine blades (Manwell and McGowan, 2009). 
Blades operate under conditions of high stress and as a result, they strain or deform. Most of the 
small-scale horizontal axis wind turbines blades fail or break in the process of generating 
electricity. In the history of wind turbine blades a blade designed in USA by a company called S. 
Morgan Smith had one of its blades that failed while generating electricity (Mishnaevsky and 
Branner et al, 2017). Thus the significance of selecting the proper materials for the design of 
wind turbine blades. 
A blade as a typical aerodynamic part suffers extreme aerodynamic loads and mechanical 
vibration while rotating. In response to this when designing and applying wind turbines, the 
turbine blades must be analysed on performance, life span and rigidity (Wang et al, 2014).   
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1.2 AIM OF THE STUDY 
The main aim of this research study is to investigate on the ideal blade material that is less dense 
and more resistant to stress, displacement/deformation and fatigue. The research study will also 
make recommendations on materials with more strength and high durability. 
1.3 RESEARCH QUESTIONS 
 How does changing the material for the blade impact its durability 
 What effect is the type of material used on the design of wind turbine blades? 
 What effect of von misses and displacement on turbine blades? 
 What are the recommendations concerning suitable blade materials?  
 
1.4 RESEARCH OBJECTIVES 
The aim of the research is to select the ideal material that is most suitable for structural design of 
a 1kv small-scale turbine blade.  
 The main objective of this research is to select the material that is ideal for blade design. 
 To determine the materials that can withstand aerodynamic loads and have low 
displacement/deformation and less Von Mises Stress 
 To make recommendations on the materials that can use for blade design.    
 
1.5 HYPOTHESIS 
Hypothesis 1 
H0:    Using different composite blade materials have the same effect on the strength and 
resistance to fatigue of the blade.   
H1:  Using different composite blade materials have different effects on the strength and 
resistance to fatigue of the blade.   
 
 
 5 
 
Hypothesis 2 
H0:     Designing wind turbine blades which are of the same size by made from different 
materials have the same weight. 
H1:      Designing wind turbine blades which are of the same size by made from different 
materials have the different weights. 
1.6 RESEARCH MOTIVATION 
In Africa electricity is in short supply and the costs for generating it are relatively high. 
Optimizing wind turbines is one of the solutions.  
1.7 SIGNIFICANCE OF THE STUDY 
 Educational significance 
This study will be of great importance to the current body of knowledge in South Africa and 
other countries at large. The prototype model designed will assist engineers and designers in 
selecting the material that are more resistant to fatigue. 
 To the ministry of energy 
The ministry of energy will have a variety of options to choose from when it needs to expand the 
supply of electricity in the country.  
 Cost reduction 
It will also assist in minimizing costs involved in the overall production of the wind-turbine 
blade. Electricity will be cheaper and its supply will be in abundance since there would be many 
alternative primary sources of electricity. There will be an improvement in recyclability of wind 
turbine blades.   
 Environmental significance 
There will be a promoted use of clean energy.There will be a reduction in the used of fossils that 
pollute the environment will be reduced.   
 To the researcher 
It is a compulsory requisite towards the attainment of a master’s degree of Mechanical 
engineering.  
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1.8 RESEARCH METHODOLOGY 
In order to respond to the research questions listed above simulations will be undertaken.  
Comparisons will be on Thermoplastic resin (plastic and vinyl material), Aluminium alloy and 
Titanium alloy. All experiments carried out on the same boundary condition, fixed root blade and 
same pressure applied. A mixed research approach is used. 
1.9 DELIMITATION (SCOPE OF THE STUDY) 
The research will be comprehensively centred on selecting an ideal material for designing a 
small-scale horizontal axis wind turbine blade. The study is limited to three different materials 
which are Thermoplastic Resin, Aluminium Alloy and Titanium Alloy. Due to time limitations 
and costs that can be incurred in caring out real life practical experiments, simulations will be 
carried out using computer software’s. 
1.10 DEFINITION OF TERMS 
Composite Material 
Is a material that comprises of two or more materials with different chemical and physical 
properties pooled together in order to achieve the benefits derived from those different individual 
materials. 
Stress 
This is when a material is applied force on it. It is among the most common reasons why 
structures fail. On materials, stress is the applied force. 
Strain/Deformation 
This is the reaction to the stress applied on a material. When force is applied on a material stress 
is produced which cause materials to lose shape or deform.  
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1.11 ETHICAL STATEMENT 
Ormrod and Leedy (2010:89) clarify that when conducting a research study there are certain 
ethical considerations that needs to be taken into account by the researcher. The Harvard 
referencing style will be used on all literature used in this paper. Authors who brought about 
relevant ideas will be quoted. Permission to conduct this study will be acquired from the sectors 
involved. 
1.12 STRUCTURE OF THE DISSERTATION 
Chapter 1: Introduction and background to the study 
The background of the study is highlighted in this section, objectives of the study, researched 
questions are clearly defined. The research problem and importance are also discussed. 
Chapter 2: Literature Review 
Surveys of scholarly articles, books and other relevant sources pertinent to the study were 
outlined in this section. The collected works that demarcated the research study with the already 
existing body of knowledge between the performance of the wind turbine blades and the types of 
blade materials are also highlighted.  
Chapter 3: Research Methodology 
An overview with more detail on the research methodology is emphasized. This section includes 
the simulations using Autodesk Inventor in Finite Element Analysis. 
Chapter 4: Data analysis and findings  
Research findings are presented and discussed. The data is presented using tables. The 
comparisons of the three different blade design materials are done. 
Chapter 5: Discussion, Recommendations 
This section links the objectives of the research study to the results of the study. In addition, the 
research results are correlated with results from recent academic literature related to the research 
topic. The conclusions and recommendations of the study are also outlined in this chapter 
. 
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Chapter 6: Conclusion 
The section links the objectives of the study and the study results. Additionally, the research 
results are related to the results from past and current scholarly literature allied to the study topic. 
The conclusions from this research and recommendations for the ideal material will conclude 
this section.  
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CHAPTER TWO 
2.0 LITERATURE REVIEW 
The central purpose of the Literature Review section is to explore the existing literature pertinent 
to this study. Over the previous years, the study of wind turbines has been one of the most 
focused area of research. The overview of the research study was discussed in chapter one and 
the foundation was laid. Understanding the relationship that exists between the type of blade 
material and strength of the blade will assist decision makers to select the ideal material that can 
be used to design a small-scale horizontal axis wind turbine blades. 
2.1 WIND TURBINE 
Wind is moving air. A combination of air molecules in motion produces the energy from wind 
called kinetic energy. In this context, the term ‘wind turbine’ refers to the device that converts 
the wind power into electrical energy (Zafar, 2018). Practically, it converts the wind’s kinetic 
energy into mechanical energy, which is then converted into electrical energy. According to 
Wagner (2017), a wind turbine is a device that transforms the winds kinetic energy into electrical 
energy using a mechanical rotor so as to drive 10kva generator. 
 
Figure 1.Components of a Horizontal Axis Wind Turbine (Source: Dan A. et al., 2001) 
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2.2 TURBINE BLADE 
Wind turbine blades are moulded in a way that harnesses the highest power from the wind at the 
lowest cost. Turbine blades extract wind energy (Schaffarczyk, 2014). 
 
 
Figure 2. Modern Turbine Blade. (Source: Mathew et al: 2018) 
2.3 BLADE SHAPE 
According to Pardo and Branner (2005), modern day turbine blades are designed with a load-
carrying box that provides support to the outer shell. In most cases, the box girder covers from 
the blade root to a point near the tip. Aerodynamic considerations are given higher priority when 
designing the outer shell and it behaves as a second structure that transmits the pressure loads on 
the blade to the box girder. “The geometrical shapes of wind turbine blades are generally defined 
by airfoils, which are carefully stationed and arranged through the entire radius of the blade” (Ali 
et al. 2015:758). 
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Figure 3. External Structure of a typical blade. (Source: Sørensen et al, 2004) 
 
 
Figure 4. Internal Structure of a typical blade. (Source: Sørensen et al, 2004). 
The box grinder’s main purpose is to provide enough stiffness and strength locally and 
externally. Externally, the blade must be adequately stiff so that it does not collide with the tower 
when it is loaded. Internally, the box girder, coupled with the outer shells stiffness, guarantees 
the maintenance of the aerodynamic profile shape.  
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Pressure loads results in flapwise and edgewise bending of the blade and torsional loading as 
well. Primarily the box girder endures the torsional and flapwise loads. The edgewise bending is 
controlled by firming the leading edge and the trailing edge of the aerodynamic profile. During 
flapwise bending, the other side of the box girder is in tension and the other one is in 
compression. As a result, compressive loading may give rise to the failure of the flange in 
buckling. This is shown in the figure below. It is expected that if there is an increase in the size 
of wind turbine blades, the structural stability against buckling will govern the design.  
 
 
Figure 5. Buckling of a box girder (Source: Pardo and Branner, 2005: 3) 
As illustrated in the figure above, large internal deflections happen in the transverse direction as 
the flange begins to buckle. The webs are also deformation. In most situations, a restricted 
number of elements of the shell are used in the transverse direction to model the structure of the 
box. Boundary conditions influence on the buckling strength of the panel.  
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2.4 CHORD LENGTH 
Chord length is defined as the distance that is between the leading and trailing edge. Human 
(2014:5) defined the “angle between the relative air flow and the chord line” and the chamber is 
“the asymmetry between the upper surface and lower surface of an airfoil”.  
2.5AEROFOIL 
The required cross segment of a wind turbine blade is called an aerofoil (Abraham et al, 2016). 
The structural design of an aerofoil includes the camber, cord line, leading edge and trailing 
edge. The camber on the upper surface is more pronounced than the camber at the lower surface 
(which is somewhat flat). The end of the profile has different appearances. The edge leading 
forward is flat and is called leading edge that is rounded and flat. Its other end is narrower and 
tipper and is called the trailing edge. Cord line is a reference line which goes from the centre of 
the leading edge and the trailing edge. Distance from the cord line to the upper and lower surface 
of the cord line shows the magnitudes of the upper and the lower Chamber. Another reference 
line drawn from the leading to the trailing edge is the mean camber line and is equidistant from 
all points. Schubel and Crossley (2012) added that the structural requirements of turbine blades 
imply that aerofoils with a high thickness to chord ratio be used in the root region. Thick aerofoil 
sections generally have a lower lift to drag ratio and special consideration must be made for 
increasing the lift of thick aerofoil sections for use in wind turbine blade designs. 
2.6 WIND SPEED AND ROTATIONAL SPEED 
Chen et.al (2014), the speed of wind is an essential factor which influences turbines to attain 
better efficiency. However, wind speeds greater than required creates failure. Rotational Speeds 
refers to the speed of rotational of the generator shaft is proportionate to its electric potential. 
Pathike et al. (2013) carried out an experiment; the experimental proved that as the speed 
increases, the voltage increases.  
 
 14 
 
 
Figure 6. Rotational Speed versus Voltage 
2.7 TIP SPEED RATIO (TSR) 
TSR can be defined as the connection between the rotor of the wind turbine blade and the 
relative velocity of the wind. Features such as noise, mechanical stress, efficiency, torque and 
aerodynamics need to be taken into consideration when choosing the suitable tip speed as 
illustrated in the figure below. Wind turbine efficiency can be amplified with greater tip speeds, 
even though the rise is insignificant when allowing for some penalties like centrifugal stress, 
increased noise and aerodynamics (Fangjun and Shu, 2005). 
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Figure 7. Tip speed ratio design considerations. (Source: Schubel et al, 2012). 
Upper tip speeds require reduced chord widths that give rise to narrow blade profiles. This will 
result in reduced material usage and production costs lowered. Even though a rise in 
aerodynamic and centrifugal forces is allied with greater tip speeds. The increased forces indicate 
that challenges occur when avoiding the blade from failing and preserving its structural integrity. 
The aerodynamics of the design of the blade becomes more critical as the tip speed increases. 
Wind turbine blades designed for excessive wind speeds develop insignificant torque at lower 
speeds. As a result, this will lead to a higher cut in speed. An increase in noise is also allied with 
increasing tip speeds (Schubel et al, 2012).  
2.8 Properties of a wind turbine 
Wind turbines are made up of numerous parts, for example the control system, drive chain, rotor, 
generator and others. Wind energy drives the rotor and rotates it at a predefined wind speed. By 
so doing, the generator produces electrical energy. The control system regulates it so as to extract 
the supreme wind kinetic energy. Blades of a rotor have dissimilar aerofoils in several sections in 
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order to increase the proficiency. Modern blades are more effective and complicated when 
compared to early designs of turbine blades (Cao, 2011). 
 
The functions of wind turbines parts are listed as follows. Rotor Blade is the part responsible for 
harnessing wind energy (Stavrakakis, 2012). The hub is located at the centre of the wind 
generator and it also holds the blade in place and connects to the shaft. The Tower supports the 
nacelle, the rotor and lifts the entire setup to a higher elevation where blades can safely clear the 
ground. 
 
According to Hogg (2010), towers must have enough strength to support the weight of the blades 
and that of the generator or nacelles. Towers must also withstand fluctuating wind loads and 
loads resulting from turbine blade rotation. Yaw Drive maintains that the turbine keeps facing 
the wind coming from all directions. The nacelle is a casing that supports the gearbox. Brakes 
terminate the spinning of shaft when there is a system failure. Generator captures the power of 
the wind to offer rotational motion to yield power with an alternator. 
 
Schubel and Crossley (2012), the Control System starts and rests the turbine and it runs self-
diagnostic tests. The Gearbox enables the wind turbine to cope with changes in the wind speed 
and thus improve the wind energy harvesting (Shaltout et al, 2012). Wind Turbine Gearbox 
Control for Maximum Energy Capture and Prolonged Gear life (Shaltout, Zhao and Hall, 2012). 
 
Literature on the parts of the wind turbine is essential to this study since it gives the researcher 
full knowledge on how the wind turbine is constructed. This information is essential when 
designing the blades since many factors must be considered when designing blades. For 
example, the weight of the blade must be supported by the tower. Meaning the strength of the 
tower must withstand the blade loads. 
 
2.9 NUMBER OF BLADES 
The performance of a horizontal axis wind turbine is greatly influenced by the number of its 
blades. The two and three bladed turbines are the most common. Normally low speed small 
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horizontal axis wind turbines have more than three blades. Low speed wind turbines function 
with a large torque. Conversely high speed wind turbines are characterized by only two or three 
turbine blades and henceforth attain similar utilization of wind energy with a driving torque 
which is low (Cao, 2011). 
2.10 SIZE OF BLADE 
As the sector of wind turbine blade design and manufacturing is growing, it is as well raising 
some interesting issues as it aims at building a larger, cheaper and durable blades in a more cost 
efficient way.  The motivation for driving toward larger blades is that the energy generated by 
turbine blades is proportional to the size and length of the blade. Larger turbine blades are 
heavier than smaller blades and this means that larger turbine blades are more expensive and 
more prone to huge inertial forces (Pirrera et al, 2012). This feature is considered as a problem in 
blade designs in two ways which are that the designs were not designed to endure large inertial 
loads and that they have a cubic relationship between mass and length implies that the material 
costs self-weight and inertial effects grow faster than the rate of growth of the energy produced 
as the size of the blade increases. 
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Figure 8. Blade Mass versus Rotor Radius (Source Pirrera, 2012) 
From the information above it was well stated that the size of wind turbine blades is being 
increased in order to design a turbine that is more efficient. The problem with larger turbines is 
that they are expensive and they consume more space. Therefor this study is focusing on 
investigating on how to develop an effective small scale horizontal axis wind turbine which is 
cheap and more resistant to fatigue.  
The Spar cap is the key piece of the blade as it bears much of the bending moment and force 
acting on the wind turbine blade. Its size plays a vital role in deciding the mass of the blade and 
its stiffness. The spar as well influences greatly the blade strength. Internal webs and spars are 
used to confine the influence of flap wise bending loads whereas edges of the profile bear edge 
wise bending loads. 85 to 90% of the loads acting on the turbine blade are carried by the spar. 
2.11CLASSIFICATION OF WIND TURBINES 
Kiloshore (2013) broadly classified wind turbines into three categories namely horizontal or 
vertical, capacity of generating energy and aerodynamic components. Tian and Yan (2016) stated 
that turbines that generate electricity are classified into vertical axis wind turbine and horizontal 
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axis wind turbine and that is determined by the relative direction between wind and the turbines 
rotational axis.  
Vertical Axis Wind Turbines (VAWT) 
Kiloshore (2013), the blades of a Vertical Axis Wind Turbine rotate perpendicular to the ground. 
In the past most wind turbines were vertical axis wind turbines. This was due to the fact that they 
are easy to erect and they do not require any mechanism to orient them to the wind direction. 
Despite having these advantages, vertical axis wind turbines were quickly out fazed by the 
horizontal axis wind turbines.  Vertical Axis Wind Turbines have three most common designs 
which are savonius, curved-blade darrrieus and straight-blade Darrieus. 
Savonius 
According to Kiloshore (2013), Savonius turbines are classified as drag type and the Darrieus is 
classified as the lift type. In most cases, savonius rotors consists of two cups and at times half 
drums attached to a shaft in the centre in opposing directions. The wind is caught by the drum 
that is against the flow of wind and a movement along the axis is created. Aerodynamic torque 
created by the first drum rotates the rotor and this exposes the opposing drum against the flow of 
wind. The full rotation is completed by the second drum that catches the wind and forces the 
rotor to spin. The routing continues till a point when there is enough wind to spin the axial shaft 
that is in most cases connected to a generator or to a pump. This type of turbine is generally poor 
and is estimated to have an efficiency of less than 25% and cannot be used for commercial 
purposes. In contrast they are simple to construct and involve low costs and can utilize wind 
flowing from all directions. 
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Figure 9. Savonius wind turbine. 
Darrieus Curved-blade and Straight blade 
These consist of two or more blades. The blades are attached to the vertical shaft that is on the 
centre. Some blades can be curved and others can be straight. According to Islam (2015), 
Regardless of the curving, the wind turbine blades always have an airfoil profile that generates 
aerodynamic lift in a situation that they are open to the incident wind. This mechanism creates 
movement along the axis and forces the central shaft to spin and this finally runs the generator to 
generate power.  In comparison the stress in the blades is lower in the curved-blade Darrieus than 
in the straight blade Darrieus. That means the former is more commercially suitable. However, 
the straight-bladed design is more popular since its blade design is simple and at times has a 
variable pitch angle. Deisadze et al. (2013) states that there is no self-start ability in constant 
pitch straight bladed darrieus vertical axis wind turbine.  The blades of a Darrieus Vertical Axis 
Wind Turbines overcome the torque problem by utilizing the variable pitch configuration. 
However, it is complicated and quite impractical in small scale wind turbines. 
Kiloshore (2013) listed the advantages and disadvantages of VAWTs. 
Advantages of Vertical Axis Wind Turbines 
 They have the ability to harvest and utilise kinetic energy from all directions. 
 Cheaper to design and maintain as compared to horizontal axis wind turbines. 
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 The pitch and the yaw mechanism are not necessary since the turbine can 
automatically harvest energy from direction. 
 Vertical axis wind turbines are easy to install as compared to horizontal axis wind 
turbines.  
 The costs of maintenance are low.  
 They can be set up in urban areas. 
 Less risk to animals since the blades moves at comparatively low speeds. 
 
Disadvantages of Vertical Axis Wind Turbines  
 When compared to horizontal axis wind turbines, vertical axis wind turbines are less 
efficient since only one blade works at a time. 
 A small motor for initial push start is needed in order to make the blades start rotating. 
 An extra drag is generated when blades rotate hence less efficient when compared to 
horizontal axis wind turbines.  
 They can be noisy at times.  
 Guy wires are needed to hold vertical axis wind turbines and this is impossible to practice 
in large wind farms. 
 Maintenance costs are very high because of vibration.  
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Figure 10. Darrieus Curved-blade. 
 
Figure 11. H-Darrieus 
Horizontal Axis Wind Turbines (HAWT) 
Vivek (2017), Blades of this type of turbine revolve parallel to the ground. A generator is 
connected to the rotor of the turbine through the shafts kept in the nacelle box at the tower. At 
this current day, HAWTs are the most prevalent design of turbines. Horizontal Axis Wind 
Turbines are considered more proficient as compared to Vertical Axis Wind Turbines.  The 
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power coefficient of present day HAWTs have around 50% power coefficient as compared to an 
estimated 40% power coefficient produced by VAWTs.  
Swati (2013), Horizontal Axis Wind Turbines are considered very sensitive to modifications in 
blade design, the roughness of the surface and blade profile. Their shortcoming is that, there have 
an inability to catch wind from all angles. Therefor a special mechanism is needed to turn the 
rotor so that it faces the wind and this is the main reason why in the past Vertical Axis Wind 
Turbines were more common in the past. A mechanism called a yaw has to be built and its main 
purpose is to turn the rotors towards the wind. Small sized Horizontal axis wind turbines are 
designed in a way that the yaw system embraces the bearing roller allied between the nacelle and 
the tower.  At the back of a nacelle there is a tail with a fin mounted which provides corrective 
moment that turns the rotor of the wind turbine into the wind.  This yaw system type is named 
‘passive yaw system’. However active yaw systems are required on large scale horizontal 
turbines. Yaw systems commonly have wind sensors which detect the direction of the wind and 
also equipped with a servo motor whose function is to spin the wind turbines nacelle against the 
stationery tower which is produced by the required toque.   
 Horizontal Axis Wind Turbines comprises of a yaw system, gearbox, rotor and generator. They 
have a rotor which includes two or three blades that are attached on the hub. On the hub the main 
shaft is attached that goes through bearings and connects to a gear terrain.  The rotational speed 
is amplified by the gear train and delivers higher rpm to the high speed shaft (secondary shaft). 
The high speed shaft energies a generator which generates power. The gear-box, generator and 
shafts confined in the nacelle box and the nacelle box also hosts the yaw system. 
According to a study conducted by Vivek, Gopikrishnan, Murugesh and Mohamed (2017), 
vertical axis wind turbines are extremely used for home applications where efficiency is optimal 
and the production volume is low and on the other hand horizontal axis wind turbines are greatly 
used in the production of larger volumes and massive investments are required and the efficiency 
is high. 
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Figure 12. HAWT & VAWT (Source Swati, 2013:6) 
The previous studies have demonstrated the features, advantages of horizontal and vertical axis 
wind turbines provided information about how wind turbines work. It exposes the each with its 
own favourable characteristics of each type of wind turbine. In this current study a Horizontal 
Axis Wind Turbine will be analysed. 
Energy Generating Capacity 
Considering the power generating output, small scale wind turbines can be categorized into three 
groups which are micro, mid-range mini. Micro (< 1kW, R < 1.5 m). (1 kW_20 kW, R _ 1.5 
m_5m) and (20 kW_50 kW, R _ 5 m+) respectively (Pathike et al, 2013).   
2.14 HISTORICAL DEVELOPMENT OF TURBINE BLADES 
A wind turbine invented by Poul La Cour was one of the most primitive wind inventions in the 
year 1891 in Denmark. Current technological advancements of modern wind turbines can be 
erected on the seabed or ground (Cao, 2011). 
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Figure 13. Pou La Cour’s first electricity producing wind turbine in 1891 in Askov, Denmark (Source: Cao, 
2011:4) 
Mishnaevsky and Branner (2017) reported that in the year 1941 steel blades were used to design 
wind turbines. This invention took place in the United States of America. It was unfortunate that 
one of the blades failed to function only after a few hours of irregular operation. This gave a 
cause of concern for the importance of selecting a proper choice of materials to use in the design 
of turbine blades. The authors added that the next wind turbine was designed using three 
composite materials that comprised of steel spars with aluminium shell that were supported by 
wooden ribs. It was named the Gedser wind turbine. This was somehow prosperous. This design 
had a 24m rotor and produced 200 Kw. This turbine operated for eleven years without 
maintenance.  
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Figure 14. Failed blade of Smith wind turbine (Source: Mishnaevsky et al, 2017:2) 
 
 
Figure 15. Gedser wind turbine (Source: Mishnaevsky et al, 2017:2) 
Babu et al (2006: 04) reported that turbine blades were traditionally designed from wood but 
it was later substituted by aluminium, steel, thermoset and thermoplastic composites due to its 
adverse sensitivity to humidity. It was further said that aluminium was only used for 
experimental purposes in blade design and it was discovered that when compared to steel it 
has a lower fatigue.  
Brondsted et al (2005: 507) surfaces out that there was a time when alloy steel was once 
considered as an ideal choice for blade design but since it has high fatigue and high weight it 
was later substituted by thermoset and thermoplastic composites level. Subsequently 
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thermoset and thermoplastic composites are gaining more and more acceptance and are 
considered the best materials for blade optimization in the blade industry since they have 
better properties when compared to other materials. 
According to Murray (2017:3), “whereas the use of thermosets, such as epoxy, in blade 
development offer high mechanical performance, it remains not just energy-intensive and 
expensive due to the heating process required to cure a thermoset-matrix composite, but also 
time-consuming due to the requirement of adhesive bonding, which can result in stress 
concentration as well as area of weakness that may decrease the reliability and life span of a 
HAWT blade”. It was concluded that thermoplastic components like Elium are better than 
thermoset composites due to the fact that Elium can polymerize at low natural temperatures, it 
can be welded thermally, easy to recycle and have the ability to be treated using ordinary 
thermoset processes like vacuum-assisted resin injected moulding, hence removing the need 
to use adhesive bonds, refining the strength of the blade, and lowering the production costs. 
Additionally, the study specified that Elium have a significant optimization advantage 
compared to epoxy as illustrated by the results of the experimental tensile and flexure testing 
their structures and as well using the finite element analysis by using ABAQUS/CAE. The 
experiment proved that Elium can polymerize at natural low temperatures and have the ability 
to be treated using low thermoset processes like RTM. PEEK CF40 needs heating to 
polymerize and cannot be cured at room temperatures.  
According to the studies conducted by the different authors, it was discovered that the issues of 
materials used in the design of turbine blades came a long way back. Different materials were 
used and some of them failed to operate for longer periods for example the one that was designed 
from steel that failed to operate after few hours (Mishnaevsky and Branner 2017). Some were 
traditionally designed from wood.Babu (2006) and Brondsted (2005) stated that alloy steel was 
once considered most ideal but was later discovered to be of high weight and high fatigue. This 
and other studies are of importance to the current research since they prove that the most ideal 
materials for turbine design has not yet been found and shows that more researches have to be 
conducted so as to determine the most suitable material that is light weight and more durable. 
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2.15 TURBINE BLADE MATERIALS 
A blade material is a material that is used to design wind turbine blades. Materials that are used 
for turbine blades must have the following characteristics. Have low density, hold high strength, 
resistance to fatigue and tolerant to damage. Mishnaevsky et al (2017) states that stronger blades 
are prepared from composite materials. Nolet (2011) defines a composite material as one that 
composed of numerous dissimilar materials. Mandri (2016) is of the view that great material 
strength is needed to withstand great loads and high material stiffness is required to retain 
aerodynamic blade shape so as to prevent the wind turbine blade from colliding with the turbine 
tower during blade rotation and as well to prevent deformation under loads. Low density so as to 
optimize costs and lessen the effects of gravity.   
Selection of Blade Materials. 
Babu (2006) states that there are numerous factors that influence the selection of blade materials. 
These properties include availability, economic factors, environmental conditions, recyclability 
and others. Ideal materials have to be of great stiffness and less weight, hence composites (Hogg 
2010). 
Kalkanis et al (2019) is of the view that the most important factor dictating the bill of materials is 
the overall magnitude of the structure.  Bill of Materials refers to be list of materials, parts and 
the quantities needed to come up with a complete product. In addition, design trends and 
manufacturing vary between small wind turbines and large ones. The reason being the variances 
in strength loading requirements. Other wind turbine modules receive extraordinary cycle fatigue 
caused by constant dynamic loading and at times more than anticipated in high-performance 
structures in engineering. That makes fatigue properties an essential consideration in selecting 
materials for wind turbine design.  
Kalkanis et al (2019) added that new developments in components would considerably alter the 
usage patterns of materials. The trends are moving towards lightweight materials mostly on 
moving parts. When increasing the rotor size, the trend will be moving towards high strength and 
resistance to fatigue. Since designs for wind turbine blades continuously evolve, different 
composites are likely to be used in the wind turbine industry.  
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 According to Babu et al (2006), the rotation of the wind turbine blades captures the wind 
energy. In wind turbine history blades were made from wood, but the main challenge was that 
wood is sensitive to moisture. Woods has a low density and low stiffness that brings about a 
challenge to limit elastic deflections on larger rotor blades. 
Steel can also be used for blade design. It is a blend of carbon and iron. Nickel alloy is resistant 
to corrosion and oxidation. Alloy steel was considered the ideal choice for blade design but the 
major challenge is that it has a high weight and low fatigue. Aluminium has a density of about 
one third of that of steel. Aluminium was merely used only in testing situations since it was 
discovered to have a lower fatigue levels compared to steel. Aluminium is ductile and has a low 
price but it has a low tensile strength. It is weaker and less stiff as compared to steel. 
Matrix and fibres like polyesters, vinyl, esters, epoxies and others are joined to form composites. 
Composites have attractive chemical properties. Glass fibres for composites are characterised by 
high strength, moderate stiffness and density. Carbon fibres used in composites have a 
combination high strength and stiffness. 
Blade Material Optimization  
Zangenberg et.al (2014) states that materials play a vital role in life span of a turbine blade. The 
blades of a wind turbine are designed using composite materials of polymer matrix, and that will 
be in a combination of sandwich composites and single kin (monolithic). Glass fiber-reinforced 
compounds constitute most present day designs except for larger blades where carbon fiber-
reinforced compounds are increasingly being used by numerous manufacturers with the main 
aim of reducing weight.  AlBat’hi et al (2016) in their paper suggested that big scale turbines 
need materials that are lighter so as to optimize their performance.  
In this modern day, blades of wind turbines have high performance and are hybrid material 
structures designed by using polymer matrix composite materials that are in a blend of sandwich 
composites and monolithic (single skin).  These deigns are mostly grounded based on glass fiber-
reinforced composites. 
According to (Thomsen ,2009:9), “The term ‘sandwich composites’ mentioned above refers to 
sandwich materials/structures, which can be considered as a special type of composite laminate 
where two (or more) thin, stiff, strong and relatively dense faces (composite laminates in the 
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present context) are separated by a thick, light weight and compliant core material”. These 
sandwiched erections gained extensive acceptance as a solution to achieve extremely lightweight 
structures that have high strength, high bending stiffness and buckling resistance.  
Brondsted (2005: 506) points out that optimizing the materials used in blade design is a vital step 
that is engaged in order to design a lighter weight blade at relatively minimal costs, with high 
ratios of stiffness to weight, high ratios of strength to weight and admirable fatigue performance. 
Jureczko et al (2005) states that a well-thought-out blade is designed using two or more bonded 
materials with different structural properties. A strengthening phase is fixed firmly with extra 
materials of the matrix phase. If the different materials are fabricated and designed properly they 
pull the strength of the different materials to archive desirable properties that are not found in 
conventional materials. The greatest benefit of composite materials is the prospective of a higher 
ratio of stiffness to weight.  
Jureczko et al (2015:467) added that, “Composites used for typical engineering applications are 
advanced fibre or laminated composites such as fiberglass, glass epoxy, graphite epoxy and 
boron epoxy”. Composites are considered difficult to perfect when compared to isotropic 
materials like steel and iron. Knowledge and understanding must be available when defining the 
components and orientations of different stratums since they may have dissimilar orthotropic 
material components.  
Many turbine blades are manufactured using epoxy resin or fiberglass strengthened using 
polyester.  Steel or aluminium can be used to build small wind turbines but the challenge is that 
there are heavy. The overall cost of blade production is reduced by making lighter blades which 
require less material when designing. 
According to Tusavul (2002:3), “The main material requirements for blade design are high 
stiffness to weight ratios, high strength to weight ratios, and an excellent fatigue performance”. 
Brondsted (2005) suggests that composite materials are capable of providing these properties and 
they are the best choice to use in the turbine blade industry.  
Pyrz (2000) adds that glass fibers have great strength, reasonable stiffness and reasonable 
density, have great blend of properties as well as reinforcing agents and are hence are considered 
widely in the manufacturing of blades. Due to the increase of blade lengths other materials like 
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carbon fibers are mostly used in structural elements and spar of turbine blades longer than 46 
meters (Brondsted, 2005).  
Jureczko et al (2005) believes profits derived from well structural models, improved 
manufacturing methods, blades and composite materials grounds the need of application of 
optimization methods and mathematical modelling.  
Pourrajabian & Mirzaei (2014) supports the optimization of blade turbines since it is essential for 
design. This is because the costs of manufacturing the blades are associated with its weight, 
length and structure. Manufacturing methods, materials used and shape are accountable for the 
aerodynamic torque which is responsible for starting a wind turbine. 
Abraham et al (2016) conducted a research about blade properties.  Five materials with different 
properties were used to analyse turbine blades and by changing their properties the analysis was 
done. The main aim was comparing the deformations that results when the blade is exposed to 
external forces and stress distribution values. This research study will endeavour to bring about 
the material that will resist fatigue, less dense and is more durable among Thermoplastic Resin, 
Aluminum Alloy and Titanium Alloy.  
Brøndsted, Lilholt & Lystrup (2005) submitted that “Composite materials for wind power 
turbine Blades” are of the view that wind loads and gravity are important factors to consider 
when determining factors for fatigue performance that must be considered when selecting 
materials for turbine blades. They discussed composites and wood as possible materials for 
turbine blades. Fibres and matrices were discussed and they emphasised on their good fatigue 
performance, less weight and their high stiffness. The technologies for manufacturing 
composites were evaluated. They as well discussed about degradation of materials during 
fatigue.  
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2.15.4 Classification of Composite Materials 
 
 
 
 
 
 
 
 
 
 
According to Chuchulska (2016), Thermoplastic materials are a type of composites (co-
polymers) that retain the excellence of flexibility. Lomont Molding (2017), Thermoplastic resins 
change into a liquid when subjected to high heat, and then changes back to solid state when 
cooled. Since thermoplastic resins have these properties, they can be moulded into various 
structures with various shapes. This makes them applicable in vast industries. Thermoplastics are 
usually cast-off in injection moulding development. 
Below (Lomont Molding, 2017) states advantages and disadvantages of thermoplastic resin as.  
Advantages of Thermoplastic Resins: 
 Easy to recycle 
 Easy to reshape 
 Dimensional stability 
 Chemical resistant. 
 
Disadvantages of thermoplastic: 
 Low melting point 
Figure 16. Classification of Composite Material. (Source: Mathew et al, 2018) 
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 Expensive 
 Fractures when subjected to high stress levels. 
 At times sensitive to solvents. 
 
Listed below are types of thermoplastic Resin 
Polycarbonate 
Is an unstructured engineering thermoplastic. It is characterized by a mixture of stability, 
toughness, transparency and is resistant to heat or flame. Polycarbonate is used for general-
purpose molding (Arbogast, 2015). 
Thermoplastic Acetal 
According to Arikan et al., (2005) thermoplastic acetal is an oxy-methylene material that has 
good mechanical properties that are short term, but has better long-term stability as a copolymer. 
It is very strong and it resists fracturing and wear which makes it ideal. 
Ozkan et al (2005) states that Acetal does not possess the esthetic appearance and natural 
translucency of polycarbonate and thermoplastic acrylic.  
Acetal Copolymer Polyoxymethlene 
Easier to process because they melt at lower temperatures and possess a high tensile strength 
(Arbogast, 2015). 
Acetal Homopolymer Polyoxymethylene 
Possess a high tensile strength and tough under continual impact. Exceptional against friction 
and low moisture absorption (Arbogast, 2015). 
Acrylic 
It is also known as Perspex and Plexiglas and Lucite. Polymethyl methacrylate can be used to 
substitute glass. Can be used in helmet visors, replace eye glass lenses and others (Arbogast, 
2015). According to (Chuchulska et al ,2015), Acrylic resins are the widely used denture base 
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material in this modern day. They are chosen because of their high satisfactory strength and low 
price. Chuchulska et al (2015), adds that their disadvantage is that the material easily ages.   
Chuchulska et al (2015) added that acrylic resins are the utmost used material in the modern day. 
Acrylic has the following advantages and disadvantages: 
Advantages 
 Simple to mould in the laboratory. 
  No exceptional equipment is needed. 
 Acceptable aesthetics. 
 Great strength at a low price. 
 
Disadvantages  
 Intake of fluids. 
 Its structure is porous. 
 Residual monomer. 
 Loses colour over time. 
 Mechanical strength is insufficient. 
 Ages very fast. 
 
Nylon 
Nylon is a polyamidic resin resulting from dibasic acid monomers and diamine. It is a versatile 
material that can be applied in a broad range of applications. It also has high physical strength, 
great flexibility, great resistance to chemical and heat. Nylon can be modified easily to increase 
wear resistance. It is a little more challenging to polish and adjust but on the other hand the resin 
provides excellent aesthetics (Donovan & Cho, 2003). 
Belongs to the class of polyamides of polymers that are used when manufacturing materials that 
are heat-resistant. At times Nylon is used to substitute flak vests, fabrics and others (Arbogast, 
2015). 
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Figure 17. Nylon 6 and Nylon 66 molecular structure. Source Chuchulska et al 2016. 
2.15.5.7 Polyethylene 
Polyethyne is resistant to chemicals. Grounded on the density and molecular weight, 
polyethylene can be used in designing moving machine parts, pipes, margarine tubs and many 
more (Arbogast, 2015).  
2.15.5.8 Polypropylene 
According to (Arbogast, 2015), Thermoplastic polymers are applied in many applications 
worldwide. Mostly used in products like car batteries, sanitary pads, reusable plastic containers 
like others.  
2.15.5.9 Polystyrene 
It is a synthetic aromatic polymer designed with styrene. It can be foamed or solid. Extruded 
polystyrene can be used in disposable cutlery, toys and others (Arbogast, 2015).  
2.15.5.10 Polyvinyl chloride (PVC) 
Polyvinyl chloride is a, lightweight and tough material resistant to bases and acids. Mostly used 
in the construction industry (Arbogast 2015). 
2.15.5.11 Teflon 
It belongs to the group of thermoplastics called polytetrafluoroethylene. Mostly used in making 
pipes and containers (Arbogast, 2015) 
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Manufacture of Acetalic resin and polyamidic Thermoplastic Resins 
Table 1. Comparative aspects of acetalic and polyamidic thermoplastic resins. (Source: El-Sonbati 2012). 
 
2.15.5.12 Composites and Fibres 
El-Sonbati (2012), in many industries such as aerospace and automotive, composite materials are 
being more than ever. Composites are on demand because they have a unique blend of 
properties, like toughness, solvent resistance, extraordinary oxidative and thermal stability and 
low dielectric constant. 
Composite materials pool high stiffness fibres and high strength with a polymeric resin 
matrix. Fibres are extremely strong and stiff and they possess less density. Composite 
properties depend on how the fibres are oriented in the laminate.  In most cases 
composites are manufactured from laminar materials or sheets be made up of either 
unidirectional stratum of fibres or fabrics and can be used as fabrics and then impregnated 
during manufacture with resin. Fibres must be arranged corresponding to the loading axis 
in order to design a composite with great stiffness and strength. Woven fabrics in fact 
provide fibres in an orthogonal organized which can be brought into line at 45 degrees in 
order to provide shear stiffness. The multiaxial warp knitting process used to produce 
fabrics can combine unidirectional fibres. Fatigue life must be well considered in the 
design of turbine blades; hence, fibre compositesare good in fatigue (Hogg, 2010). 
2.15.6Titanium Alloy 
Moaz et al (2015) described Titanium alloy (Ti-6Al-4V) as a high temperature, lightweight and 
corrosion resistant material. Nonetheless, it is known as one of the most difficult areas for all 
manufacturers due to its poor machinability. Hence, the machining process has to be controlled 
by choosing the ideal cutting settings to acquire the finest machining results simultaneously 
which is very challenging and encompasses high cost. Henceforth, their paper largesse the 
 37 
 
examination of a settlement between the experimental and simulation results findings to assess 
the finite element analysis for forecasting the machining considerations of titanium alloy. 
Computer engineering software’s were used to execute the simulation and four different kinds of 
finite element software have been used in the course of the machining course of titanium alloy 
such as FORG, AdvantEdge, DEFORM, and ABAQUS/EXPLICIT software. The results of 
simulation of FEM proved to be the same with the experimental results in the course of the 
machining course of titanium alloy. The Finite Element Method badges to lessen the 
manufacturing costs in terms of extending the life of the cutting tool and saving time for 
machining. 
2.15.7Fiberglass 
Kumar et al (2016), although numerous materials have been used in designing turbine blades, 
composites of fiberglass dominate. This is due to the fact that its tensile strength is high and it 
has a low cost. It is as well easy to mold into desired textiles that match engineering 
requirements. In most cases the fiberglass is set in within a plastic matrix. This is done to form a 
composite named glass reinforced plastic.  
2.15.8Carbone Fiber 
Habali and Saleh (2000) share the view that Carbon fiber is as well gaining popularity for the 
reason that it is less sensitive to fatigue, its tensile strength is higher, has a lower density and its 
modulus is higher. Nevertheless, it is more-costly as compared to fiberglass and it is not easy to 
align the fibers in order to sustain good fatigue performance. Of late, there is improved use of 
hybrids merging carbon and glass together to attain modest mechanical performance at a 
moderate cost. 
2.15.9Metal 
Burton et al, (2001), Steel is the most common and relatively cheap material used in the industry, 
nonetheless, it is not easy to mold into twisted shapes, and its fatigue life is poor as compared to 
fiberglass. Steel was mostly used for turbines blades in the past but was phased out (Manwell et 
al., 2002). 
2.15.10Aluminium 
Aluminium is another metal that can be used to design wind turbine blade. Its main disadvantage 
is that its fatigue strength at 107 cycles is only 17 MPa as compared to carbon fibre 350 MPa and 
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fibreglass 140 MPa (Burton et al., 2001). It was at times used for designing small wind turbine 
blades mostly non-twisted blades (Manwell et al, 2002).  
2.15.11Glass and carbon fiber composites 
According to Veers (2003) fiberglass composites materials in blade design predominate and are 
successful. The reason why fiberglass was successful being that it has high tensile strength and it 
has a low cost. (Manwell et al, 2002) states that it is simple to knit and wove into preferred 
textiles so as to meet different engineering specifications.   
(Veers,2003), The other material that is becoming more popular is Carbon fibre due to the fact 
that its modulus is higher, its density is lower and its tensile strength is higher than fiberglass and 
the fact that its sensitivity to fatigue is low. (Manwell et al, 2002; Veers,2003), Carbon fibre has 
the disadvantage that it is more-costly when compared to fibreglass and is not easy to align the 
fibres to retain great fatigue performance. 
Of late, there is a rise in the use of hybrids merging carbon and glass to realize reasonable 
mechanical performance with reasonable cost (Brøndsted et al, 2005; Veers,2014).  And also 
carbon/wood hybrids and fibreglass are presently promising options for designing wind turbine 
blades (Veers et al, 2014). 
(Song, 2012:10), “In composite structures, matrix, also called binder, is the resin used to hold 
fibers in position and make the blade strong”. The Most popular types of thermoset matrices are 
epoxies, unsaturated polyesters and vinyl esters (Veers et al, 2003: Brøndsted et al, 2005).  In the 
ancient days, thermoplastics were as well used in the designing of blades; however, the grades of 
these materials, such as PET and PBT, are inferior to thermosets (Veers et al, 2003). 
2.15.12Wood and bamboo 
Natural bio composites like bamboo and wood are mostly appealing to make turbine blades and 
are environmental friendly. Turbines were developed from wood for a long time since wood has 
great strength for its mass (Manwell et al, 2002). 
Wood had been used to make wind turbine blades for a long time because wood has good 
strength for its mass, as long as the direction of wood structure is placed right (Manwell et al, 
2002). In making epoxy laminates, wood is greatly used and it’s discovered that wood does not 
fail in fatigue (Burton et al, 2001). 
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A fatigue testing experiment was carried out by Peterson and Clausen (2004) on a one metre 
turbine blade with a rated power of 600 Watts. They used two types of wood. The experiment 
proved that hoop pine and radiate can meet the requirements to operate but the strength between 
the two woods were not the same 
 Additionally, they anticipated that wood should be ideal for small turbine blades of a capacity of 
up to 5 kW with blades of length 2.5 m.  According to (Peterson and Clausen, 2004; Wood, 
2004), selection and manufacturing of wood might create problems since it’s difficult to find 
wood with similar quality for example free of knots. 
(Holmes et al, 2009), Bamboo is greatly known of have great mechanical performance. For 
example, it has better fracture toughness, better modulus and strength than other woods such as 
birch. Additionally, the processing costs of bamboo are very low and have a fast growth rate.  
Holmes et al. (2009) stated that bamboo is a good turbine blade material but however, bamboo 
woods have to be merged into combinations blade applications due to the fact that the of a single 
bamboo stalk is not enough for a blade. Additionally, the chattels at different layers may differ 
seriously, and there will be more tests to define specific data. 
2.15.13Bio composites 
Developing bio composites is another way of utilizing biomaterials. According to (Song, 
2012:11), “There are two main areas of research related to the use of bio composites in wind 
turbine blades. The first is to develop natural fibres that can partially or fully replace fibre glass”.  
Blade materials selection and types of blade materials were analysed and discussed by many 
authors. The current research will endeavor to investigate thoroughly on thermoplastic resin, 
aluminium alloy and titanium alloy in the design of a 1kv small scale horizontal axis wind 
turbine.  
 
Singh, Thomas and Warudkar (2013), are of the view that durability and the life span of a wind 
turbine blade can be expanded. This can happen if the turbine blade has low weight, high 
stiffness and environmental loading resistance. These admired properties can be acquired by 
using composite materials since composite materials are superior and stronger as compared to 
many alloys and metals. 
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2.16 VACUUM-ASSISTED RESIN TRANSFER MOLDING (VARTM) 
VARTM is extensively used for manufacturing affordable composite structures. In Vacuum 
Assisted Resin Transfer Molding processing, a highly permeable distribution medium is 
incorporated. Vacuum-Assisted Resin Transfer Molding has many cost advantages like lower 
tooling costs and can be processed under room temperatures (Fink et al, 2000). 
2.17 STREGTH OF THE BLADE 
Chen et at (2011) states that it is recommended that wind turbine blades must be stiff so that it 
avoid colliding with the towers when deflected by heavy loads of wind. Internal shape structure 
and materials will determine the blades strength and stiffness when subjected to loading. A 
material has to be as light as possible for a given strength in order to lessen fatigue loads induced 
by weight.   Decreasing the blades weight will directly reduce weight on the foundations and 
tower. Ideal materials have low weight, maximum stiffness and strength. Wind turbine blades 
must have sufficient strength to withstand the heavy loads from the wind. 
 In response to the issue concerning the requirements of reliability of a blade, numerous test 
methods can be conducted to investigate the blade strength.  These methods include tensile test, 
uniaxial tensile test. 
When materials are subjected to exterior tensile loading, they go through elastic and 
deformation. When the material is subjected to load, it elongates in proportion to the applied load 
and this is called linear elastic behaviour. In case the applied load is removed the material returns 
to its initial original shape and length. Load and extension are the parameters used when 
calculating stress and strain (Materials Testing Sessional, 2017). 
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Figure 18. Stress-Strain relationship under uniaxial tensile loading showing various features. (Source 
Materials Testing Sessional 2017) 
2.17.1 Tensile Test 
According to the (Materials Testing Sessional, 2017), this type of test measures the resistance of 
materials when they are subjected to excessive force. Tensile test is a method applied for 
attaining mechanical properties such as uniform elongation, modulus of elasticity, yield strength, 
toughness, ultimate tensile strength and reduction in the rapture area. 
2.17.2 Uniaxial tensile test 
This type of test is known as a common engineering test used to determine the materials 
mechanical properties like strength, strain, ductility, elastic modulus and toughness. These 
parameters are important and are obtained from the standard tensile testing and are therefore 
useful when selecting engineering materials (Materials Testing Sessional, 2017).  
Stress, 𝜎, is the ratio of the load applied, P, to the initial cross-sectional area, A0, of the 
material:  
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Strain, 𝜀, is the ratio of length change to its initial length  
 
  
𝐿0 is the initial material length, and 𝐿 is the new material length. 
The international unit measuring stress is megapascal (MPa). 
 
Figure 19. Different schematic stress – strain diagram of different types of materials. (Source Materials 
Testing Sessional   2017) 
The diagrams above illustrated the stress – strain curve of semi-crystalline polymer. It varies 
radically from other ductile metals and its neck discontinues dwindling until the material fails.  
 
2.17.3 Modulus of Resilience 
It is the capability of a material to absorb energy after it has deformed elastically and as well 
upon unloading, to recover the lost energy. The allied property is the modulus of resilience 
denoted by the symbol UR. Modulus of resilience is the strain energy per unit volume necessary 
to stress an unloaded material up a yielding the point. The modulus of resilience of a material 
subjected to a uniaxial tension test is the area that is under engineering stress–strain (Materials 
Testing Sessional,   2017).  
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Resilient materials are those materials that yield high strengths and have a low modulus of 
elasticity.  
2.17.4 Tensile Toughness 
Tensile toughness is doted by the symbol UT. It is considered as the zone under the entire stress–
strain curve which indicates the ability of the material to absorb energy in the plastic region. In 
other words, tensile toughness is the ability of the material to withstand the external applied 
forces without experiencing failure. Engineering applications that requires high tensile toughness 
is for example gear, chains and crane hooks and others (Materials Testing Sessional, 2017). 
2.17.5 Young’s Modulus 
Young’s modulus is referred to as the elastic modulus used for deformation. It happens when a 
force parallel to the objects axis is applied to one end while the other end is held static by another 
equivalent force. Stiffer materials have higher values of Young’s modulus due to the fact that the 
same fractional change in strain will need a higher stress force. This implies that greater loads are 
required to stretch the material (Source Materials Testing Sessional, 2017).  
2.18STRUCTURAL ANALYSIS OF A WIND TURBINE 
According to Shuwa et al, (2015), “Although structural analysis has always been a significant 
factor in the blade design of wind turbine and is mainly because of fatigue issues, but critically 
the structural material should be a concern that should not be ignored”.  Domnica et al, (2016) 
added that as the blades of the turbine functions in extensive ranges of wind settings, blade 
optimization would be better boosted by bearing in mind the material structure. Supeni et 
Figure 20. Schematic representation showing how modulus of resilience (corresponding to the shaded 
area) is determined from the tensile stress–strain behaviour of a material. (Source Materials Testing 
Sessional, 2017) 
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al(2012) stated that numerous studies have been steered pertinent to the blade structural 
materials, but still facts remain that the material of the blade must be of low density, high 
stiffness and long fatigue life.  
Sessarego et al (2013) insists that the structure of the blade is very significant that means that the 
materials that are used to make the blades must be very strong and resilient to fatigue. “This 
interaction of material properties and aerodynamics is unique to small blades and is one reason to 
include structural analysis in the optimization”, (Sessarego, Matias, Wood and David, 2015:4) 
Hansen (2008) submits that the structural model used in small blade optimizations is based on 
the beam theory of the Euler-Bernoulli and is considered simpler than the one for large-blade 
optimization. The theory assumes s lay-up comprising two spar caps of equal thickness, 
numerous laminate shells, aft and fore panels and two shear webs. Claussen (2013) assumes a 
constant of s on each blade element. The figure below shows the structural model of a small 
blade. According to Sessarego et al (2015:11), “Simple beam theory assuming isotropic material 
properties determines the structural strength on the basis of a choice between two load cases of 
the IEC 61400-2 SLM for small wind turbines”, the assumption is that the blades are hollow and 
have a shell thickness that has a constant.   
2.19 COMPUTATIONAL METHODS 
 
2.19.1 Computational fluid dynamics (CFD) 
“CFD is a numerical technique used for the solution of the equations governing fluid flow and 
heat transfer problems inside a defined flow geometry”, (Albaali and Farid 2006:33). The small 
scale i.e., 1 KVA, horizontal wind turbine will be designed using a commercial CFD code, 
ANSYS Fluent 19.1. CFD will be used to analyse the wind turbine blades. The performances of 
the blade design that will be examined are: the lift coefficient, drag coefficient and pitching 
moment at different angle of attack will be obtained. The results from CFD model will be 
validated to experimental results found in literature. 
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2.19.2 Finite Element Analysis (FEA) 
This is a method used for answering, typical engineering problems. In most cases, FEA is 
applied in solving problems that do not have exact solutions and are expressible in mathematical 
forms (Al-Khafaji et al, 2016). 
2.19.3 Blade Element Momentum Theory (BEM) 
 Blade Element Momentum is a method that is used method for predicting the performance of a 
wind turbine (Janajreh, 2012). This theory makes use of the airfoil features information to predict 
the aerodynamic behaviour of the turbine. The dependability of this theory hinges on the 
accurateness of the results acquired from the Computational Fluid Dynamics analysis. Blade-
Element-Momentum is advantageous since it requires less computational time. According to 
Maxwell (2002), the airfoil researches carried out are under fixed conditions and when studies 
are conducted, the airfoil in use for turbine purposes should have aerodynamics corrected.   
The Blade Element Momentum theory combined with structural dynamics of blades are also 
available for in use in books which can be used to predict the total cost of energy from turbine 
Buck and Garvey (2015).  
This theory is applied when calculating the forces on the blade of a wind turbine or a propeller. 
The Blade Element Momentum (BEM) theory was developed as a computational method that is 
used to optimize and analyse the performance of blades.  When applying this technique, the 
blades of a propeller are separated into numerous elements and the assumption being that 
aerodynamic interface among these elements does not exist. The Blade Element Momentum 
theory is developed to select the suitable method to be implemented in the process of designing 
blades. This method is famous because of its ability to offer a closed form solution with 
comparatively simple protocols (Mahmuddin, 2017). 
This theory combines two theories, the momentum and the element theories. The Blade Element 
Momentum Theory is used to calculate the forces imposed on a turbine blade and can also be 
applied on propellers. Handy relations that can be used in the design of propeller blades can be 
achieved from the combination of these blades. This theory is based on assumptions which state 
that elements are not dependent on each other, there is absence of radial interaction, axial flow 
induction factor is nearly constant (Burton, 2001). 
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Numerous computational models are available that can be used optimize and analyse blade 
performance of wind turbines but in this current study only Finite Element Analysis and 
Autodesk will be used. 
2.20 AERODYNAMICS 
Sørensen et al (2016:233), “The aerodynamics of wind turbines concerns, briefly speaking, 
modelling and prediction of the aerodynamic forces on the solid structures of a wind turbine and 
in particular on the turbine rotor blades”. Aerodynamics is considered a very important factor 
when predicting the loading and performance on wind turbines. Aerodynamic models are usually 
combined with models for structural dynamics and wind conditions. The combined aero-elastic 
model used for predicting the performance and the structural deflections is a requirement for 
development, design and wind turbines optimization. The aerodynamic modelling is concerned 
with the design of precise wind turbine parts, like the geometry of the rotor blade or the 
performance predictions of the wind farms. 
Turbines are exposed to atmospheric turbulence, effects wake of nearby turbines, wind shear and 
change of wind direction. These variables form the conditions that wind turbine blades 
experience. As a result, these forces fluctuate in space and time and are an essential part in 
aerodynamic analysis.  
Troldborg (2008) outlines that the success of wind energy technology was promoted by the 
research on aerodynamics. Aerodynamics is defined as the study of solid bodies interacting with 
properties of air in motion. According to Human (2014), the performance of a wind turbine blade 
is affected by the performance of the aerodynamics since the blade is an aerodynamic body. The 
wind turbine blade is an aerodynamic body, with the efficiency of the blade being affected by the 
aerodynamic performance. This is found to be pertinent to the current research study because it 
interrogates forces acting upon turbines. Unstable aerodynamics without doubt causes unsteady 
loads which decrease the fatigue life of wind turbine blades and the quality of power.  
2.20.1 Aerodynamic loads 
Fatigue stresses are established by wind speed variations and properties of the properties. A load 
refers to the weight or force imposed on an object. Aerodynamic loads refer to the pressure that 
is imposed on the wind turbine blade due to moving particles in the air interacting with solid 
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parts. Aerodynamic loads are derived from lift and drag of the wind turbine blades aerofoil 
segment, which is reliant on the velocity of wind, yaw, blade velocity and the angle of attack. 
The A.O.A is reliant on pitch and blade twist and pitch. Aerodynamic lift and drag generated are 
set on into valuable thrust in the path of rotation absorbed by the reaction forces and generator.  
Nigam et al (2017), Atmospheric turbulence generates numerous kinds of aerodynamic forces on 
turbine blades where turbulence is a key foundation of aerodynamic forces on wind turbines. 
Memon (2016) is of the view that the fluctuation of wind speeds in a wind farm has a great 
impact on the flow dynamics on turbines. The aerodynamic interaction generates the momentum 
shortage, which reduces the energy production caused by an increase turbulence and mean 
velocity shear increase triggered by variations in dynamic load instigated by dynamic loads 
oscillations hence fatigue on material and decreasing the life span of the blade. 
According to Kim et al (2011), blades load is highest in the rotating axis direction and is 
focussed at spar cap and shear web. Hence, the design of the spar cap is the thickest laminated 
structure. Additionally, it is essential to design the spar cap with appropriate strength because the 
blade weight will rise with an increase in the laminate thickness 
2.20.2 Yaw 
Yaw happens in situations whereby the direction of the wind is not flowing perpendicularly to 
the rotor plane. The average energy extracted by the blade is reduced when the wind turbine 
functions in yaw. The blade will experience a varying relative velocity and angle of attack with 
azimuthal blade position, leading to an unsteady aerodynamics problem. The wind turbine blade 
will experience an angle of attack and a fluctuating relative velocity causing an unstable 
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aerodynamics challenge (Micallef and Sant, 2016). Yaw is illustrated in the figure below:
 
Figure 21. Wind turbine operating in yaw. (Source: Micallef and Sant, 2016) 
The symbol γ represents the yaw angle. 
2.20.3 Wind Shear 
According to (Hong Kong Observatory, 2010) Winds shear refers to a continuous variation (that 
is, lasting more than a few seconds as experienced by aircraft) in the direction of wind and speed. 
The changes last more the a few seconds. This change of the vector of wind from one point to 
another in space. It is given by vector difference between the winds at different points that have 
both direction and speed (Manual of low-level wind shear, 2005). 
According to National Weather Services (2018), wind shear is referred to as the change of wind 
speed horizontally coupled with a change in direction and height. Types of wind shear include 
convective and non-convective known as low level wind shear. Convective wind shear is allied 
with thunderstorms and is short lived and is also known as robust. Non-convective wind shear is 
long lived and its velocity changes with height.  
2.20.4 Atmospheric Turbulence 
Turbulence is triggered by rapid uneven air motion (Hong Kong Observatory, 2010). 
Turbulence are wind currencies that fluctuate momentously over short distances. Wind 
turbulence instigated by the dissipation of the kinetic energy in the wind into thermal energy. 
This is engineered by the creation and demolition of progressively smaller eddies. Turbulence is 
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produced by friction on the surface of the earth and thermal effects. That causes the masses of 
air to be relocated vertically due to temperature variations (Mikkelsen, 2013). 
2.20.5 Gravitational Force 
These forces are dependent on mass and are thought to rise cubically with growing diameter of 
turbine. Hence, turbines that have a diameter of less than ten meters have negligible inertial 
loads. To calculate the gravitational force, the mass multiplied by the gravitational constant. 
2.20.6 Centrifugal Force 
This force is an artefact of the rotational velocity squared, the mass acts radial outward, 
henceforward increased load demands for higher tip speeds. Centrifugal loads are overlaid to 
provide a completely displaced interchanging situation with the wavelength equivalent to one 
blade revolution. 
2.21 STRUCTURAL LOAD ANALYSIS 
According to Schubel et al (2012), Present load analysis of turbine blades would typically 
comprise of 3-D Computer Aided Design model that can be analysed using F.E.M. Many 
certification bodies are in support this method. Schubel et al (2012) concludes that concludes that 
there is a variety of commercial software’s offered which give correct results. These standards 
permit the condition of the blade stress to be modelled conservatively by utilising classical stress 
analysis techniques. 
2.21.1 Flapwise Bending 
According to Schubel et al (2012), this type of bending is as a result of the aerodynamic loads. 
Flapwise bending can be calculated using the Blade Element Momentum theory. 
2.21.2 Edgewise Bending 
Edgewise bending is a result of the mass of the blade mass and force of gravity. As a result, 
edgewise bending is considered insignificant on smaller turbine blades with little mass. It means 
that a cubic increase in the mass of the blade increases proportional to the increase in blade size. 
It therefore means when the diameter of the blade is increased, this loading case is said to 
becoming more and more critical (Schubel et al, 2012) 
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2.21.3 Fatigue Loads 
According to Schubel et al, 2012), the main loading conditions subjected to the wind turbine 
blade are not static. As a result, fatigue loading occurs when the blade is subjected to a repeated 
load which results in the fatigue limit of the blade material to be surpassed. The material of the 
wind turbine blade must be capable of functioning within the fatigue limits. Conversely, such 
designs require too many quantities of structural materials that give rise to an expensive, heavy, 
outsized and incompetent wind turbine blade. Fatigue loading happens as an outcome of 
gravitational cyclic loads which are equivalent to the rotational numbers throughout the wind 
turbines lifetime. Burton et.al (2011) described fatigue failure as one of the utmost serious 
difficulty faced by blades of a wind turbine. Burton et.al (2011) described fatigue failure as one 
of the utmost serious difficulty faced by blades of a wind  
 
 
 
 
 
Figure 22. Flap wise and edgewise loads on a wind turbine blade. (Source Mathew et al, 2018) 
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2.21.4 Structural Analysis of Composite Wind Turbine Blade 
 
Figure 23Gravitational load modelled as a cantilever beam. (Source. Schubel et al, 2012) 
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Figure 24. Edgewise bending (Source: Schubel et al, 2012) 
According to Schubel et al (2012), the modern day wind turbine blade can be divided into three 
key parts classified by structural function and aerodynamic function. The three parts are as 
follows 
 The blade root.  
Is the changeover between the first aerofoil profile and the circular mount. The blade root carries 
the greatest loads. It has a low relative wind velocity because the rotor radius is relatively small 
is due to the relatively small. The low wind velocity gives rise to low aerodynamic lift that leads 
to great chord lengths. As a result, the profile of the blade becomes exceptionally huge at the 
rotor hub. 
 The mid span.  
The mid span has an aerodynamically significance.  It is responsible for maximising the lift to 
drag ratio. It makes that possible by making use of the thinnest possible aerofoil segment that 
structural considerations can allow.   
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 The tip. 
This section is aerodynamically significant. The ratio of lift to drag ratio is maximised. As a 
result using thin aerofoils and tip geometries will diminish losses and noise. 
 
Figure 25. Blade regions. (Source: Schubel et al: 2012) 
Schubel et al (2012), an increase in the turbine size is proportional to the increase in weight 
proportion at a cubic rate. The centrifugal and gravitational forces are crucial because of the 
mass of the blade. 
2.21.5 Ultimate strength and multiaxial loading 
Ulrich (2015), Ultimate strength defines the maximum stress that materials can withstand before 
breaking. The maximum uniaxial strength of the material is in most cases determined by an 
uniaxial stress-strain test on coupon level. Brittle materials in most situation have a linear stress-
strain curve, where failure is reached shortly after exceeding the linear elastic stress-strain 
region. On the other hand, stress-strain curves for ductile materials usually have a linear elastic 
region and also a non-linear plastic region for loads exceeding the elastic limit, before rupture. 
2.21.6 Dynamic Stall 
Dynamic stall is a major source of shaky loads on the turbine blades (Choudhry et al, 2012). It 
occurs when the blades of HAWTs are exposed to excessive wind speeds that results in high 
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angles of attack and thereby reducing the lift coefficient (Rehman, 2018). When operating, most 
of the times horizontal axis wind turbines are involved in uneven air loads which results in 
reduced machine life, failure of the turbine and a rise in maintenance costs. Nonetheless, 
accurate prediction and more understanding on uneven loads on blades the performance of the 
rotor experience numerous obstacles of which ‘dynamic stall’ is of importance. “Dynamic stall is 
characterized by the shedding and passage of a strong vortical disturbance over the suction 
surface, inducing a highly nonlinear fluctuating pressure field”. Zhu & Wang (2018:1).A key 
source of uneven loads on Horizontal Axis Wind Turbines is the happening of dynamic stall on 
blades of the turbine. Dynamic stall is well thought-out to be the delay of stall causing in extreme 
rise in the lift that air foils experience as the static stall angle is rapidly exceeded. Dynamic stall 
in Horizontal Axis Wind Turbines might be initiated by yaw misalignment, an unsteady inflow, 
wind gusts and tower shadow. All these factors result in the rapid variations in the blade angle of 
attack. 
Butterfield (1991), dynamic loads are supposed to be projected correctly so as to estimate the 
fatigue life of turbines functioning in turbulence settings. Dynamic stall contributes to amplified 
dynamic loads during the standard process of all categories of horizontal axis wind turbines. 
Wind turbine blades are exposed to vibrant loading from diverse sources. Unsteady air loads are 
a result of time-varying inflow caused by wind shear and turbulence. Yaw angles, tower shadow 
and upwind turbine works also cause an unsteady inflow to turbine rotors. According to 
Butterfield (1991), designers must predict these forces or loads to properly design blades and 
other structures that are durable. According to Zhang et al (2016) in most cases fatigue damage 
occurs when turbines rotate beyond rated wind speeds.  Turbines normally function in steady 
stall as a way of controlling loads and peak power. Butterfield et al discovered that airfoils do not 
stall on spinning wings the way they do it in wind tunnel tests. They also revealed that dynamic 
stall can also occur on turbine blades in usual operating conditions. Evidence is mounting that 
dynamic stall may be allied to dynamic loads that are larger than anticipated. Wright and Hansen 
demonstrated improved accurateness in projected yaw loads and dynamic loads when dynamic 
stall was presented into their dynamic analyses.Teixeira (2017), loads are mainly caused by the 
turbines weight.   
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2.21.7 Thrust 
Bak et al (2013) defined as the forward force that is produced by a rotor or a propeller. This force 
overcomes the drag force and is parallel. The general rule is that it moves parallel to the 
longitude axis but not always the case. 
2.21.8Angle of Attack 
Shen et al (2005) defined the angle of attack as the angle of geometry between the cord and the 
flow in a two dimensional airfoil. This theory is extensively applied in aero-elastic 
manufacturing replicas as input data of an aerfoil presented that is usually generated through a 
blend of wind tunnel for testing for the influence of centrifugal forces on the rotating boundary 
layer. The flow passing through the blade section of the rotating blade is bended due replacement 
effects of the rotor. For a rotating blade, the flow passing by a blade section is bended due to the 
spinning of the rotor.  
Timmer (2010), in moments of standstill, starts and stops, blades of turbines are exposed to large 
angles-of-attack. This is an important concept that must be understood when optimizing and 
designing wind turbines. It is a fundamental concept in understanding many aspects of turbine 
performance. AOA is defined as the angle between the relative wind direction and the chord 
length.  
Juliyana et al (2018) analysed the performance of a wind turbine at different angles of attack. 
The drive for the analysis was to advance the wind turbine performance. A blade with a constant 
AOA was examined throughout its length in order to discover the blade with maximum Lift/Drag 
ratio. This was carried out for an AOA considering a range from 3 to 10°. The result established 
that the blade with an AOA of 4° has the supreme ratio of Lift/Drag.  
Lastly the NACA 4420 blade with a 4° AOA was examined using ANSYS CFD software from 
root to tip. The pressure and speed distribution were plotted. The conclusion from the experiment 
was that the AOA should range between 3 to 4°. This is to ensure that the supreme L/D ratio can 
be attained, which therefore leads to a rise in the proficiency.  
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Figure 26. L/D ratio against Angle of attack (source: Juliyana 2018) 
2.21.9 A drag on a turbine blade 
The force drag is referred to as parallel force acting on the direction of approaching airflow. 
According to Maxwell, et al, (2002:96), the drag force is caused by viscous friction forces at act 
on the surface and the uneven pressure acting on the airfoil surfaces directed opposing the 
approaching flow. 
Human (2014:5) put it that, a drag on a two dimensional airfoil “is a force in the direction of the 
flow exerted on a body and can be divided into two parts, pressure drag and skin friction drag”. 
Skin friction drag is caused by shear stress. “Pressure drag can be described by a plate oriented 
normal to the flow, the drag is due to the normal stress on the body and the total drag is therefore 
the combination of these two with a variation of the angle of attack” (Shames, 2003:667). 
This is a rearward, hindering force that is caused by the disturbance of airflow by the rotor and 
other protruding objects. The general rule is, drag opposes thrust and it acts backward parallel to 
the wind.  
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According to Almukhtar (2012), the wind turbine blade drag coefficient is grounded on the 
plan area.  
 
An aerofoil coefficient of drag coefficient also varies with the A.O.A. The pressure on the 
upper surface rises as the flow approaches towards the trailing edge.  This situation is called 
an adverse pressure gradient that pursues to slow down the air. After the air is decelerated a 
standstill stall will arise and the pressure drag will increase sharply. The power of the 
opposing pressure gradient rises with the angle of attack and so the drag will increase with 
angle of attack. The ratio of lift/drag has a substantial impact on the wind turbine 
effectiveness and is desired that a blade operate at the supreme ratio. The level of the drag 
coefficient rises with declining Reynolds number.  
2.21.10Lift force on a turbine blade 
According to Bertin & Cummings (2009:215), a lift can be determined by combining the force of 
the pressure over the surface of the blade. This force is created by the dynamic influence of the 
air that is acting on the airfoil and it acts “perpendicular to the flight path through the centre of 
lift (CL) and perpendicular to the lateral axis. In level flight, lift opposes the downward force of 
weight”. 
Hansen (2008:8), the force of lift is used to overcome gravity. According to Maxwell et al, 
(2002:96), lift force is perpendicular to the oncoming airflow and is created as a result of the 
uneven force on the upper surface and the lower surface of the airfoil. 
Forces of Lift and drag are primarily a result of angle of attack and airfoil geometry where angle 
of attack is the angle between the direction of the flow and the chord. High ratio of Lift 
coefficient / Drag coefficient results in a higher power coefficient of the rotor. 
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Figure 27. Aerofoil Optimum Lift to Drag Ratio at the left and at the right side an illustration of a Decreased 
Angle of Attack and Increased Chord when same lift is applied (Source : Poole, S. and Phillips, R. 2016:49). 
2.22 STABILITY OF BEND–TWIST COUPLED WIND TURBINE 
BLADES 
Luczak et al (2011) shared the view that the blades of the wind turbine blades must have a design 
that promotes resistance to fatigue loads and extreme load cases. Sudden wind gusts are said to 
be too rapid for the active pitch control system to take corrective measures and that shortens the 
blades fatigue life and the problem can be eliminated by an aero-elastic tailoring of the blades. 
Precisely applying an anisotropic composite material that can introduce bend-twist coupling in 
the blade (Deilmann, 2009). 
This connection causes the feathering blade to twist when exposed to bending load and that will 
reduce the angle of attack. (Berring et al, 2007; Branner et al, 2007). According to (Stäblein et al, 
2017), Coupling between bending and twist is of great importance in influencing the aeroelastic 
reaction of turbine blades. This coupling is derived from the anisotropic properties of the 
material for blade design and geometry of the blade. Bend-twist coupling is used to reduce 
fatigue loads on blades. It is functional in the cross-sectional stiffness matrix. It is applied by 
means of coupling coefficients that introduce flap–twist coupling or edge–twist coupling 
(bending).  
Edge–twist coupling can be used to upsurge or reduce the damping in the edgewise mode 
comparative to the reference blade and it depends on the turbines operational condition. It is also 
said that Edge–twist in leading edge decreases the inflow speed that makes the blade unbalanced. 
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Flap–twist to quill coupling for flap-wise bends towards the suction side upsurge the frequency 
and lessen damping of the flapwise mode. Flap–twist to stall rise damping and decreases 
frequency. The decline of blade root flapwise and tower bottom fore–aft moments due to 
variations in mean wind speed of a flap–twist to feather blade are established by frequency 
response functions. 
2.23 Theoretical Maximum Efficiency 
Theoretically, there is a limit of power from the wind that a horizontal axis wind turbine can 
utilise. This theory is known as the Betz limit. Not more than 59% of the power in the wind can 
be utilised. Yaw, wind shear and wind turbulence are some of the causes of this reduction 
(Micallef and Sant, 2016). 
A wind turbine must attract and utilise as much wind as possible but as written by (Schubel and 
Crossley 2012), “A physical limit exists to the quantity of energy that can be extracted, which is 
independent of design” and the extraction of energy is preserved in a flow process over the 
subsequent velocity of the wind and decrease of moving energy. 
When doing energy considerations and using simple axial momentum, Lanchester projected that 
even the best wind turbine cannot utilize more than 59 % of the energy from the wind. This 
theory was brought about by Betz and Glauert, who brought about a theory named the Blade 
Element Momentum theory. The Blade Element Momentum Theory is today applied in many 
engineering disciplines and today form the basis of rotor design. 
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Figure 28. The efficiency of an optimum turbine with rotation (Hansen, 2008, p. 40) 
2.23.1 Power Coefficient 
Power coefficient is a fraction of the practically extracted wind power by a wind turbine and can 
be expressed by the symbol Cp. Cp stands for the coefficient of performance and is not constant 
but depends on the speed of the wind; turbine rotational speed and parameters like twist angle 
and angle of attack. Horizontal Axis Wind Turbines have variable angles of twist. According to 
Ali 2012, “The HAWT have variable twist angle, the twist angle is varied to hold power 
coefficient at it largest possible value up to the rated speed of the turbine, designing the blades to 
have a maximum coefficient of performance bellow the rated wind speed helps to maximize the 
energy production of the turbine”. 
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2.823.2 Reynolds Number Effects 
Wood (2011) listed the total velocity of blade encounters, chord length, dynamic viscosity and 
density as the variables that determine the Reynolds number of a two dimensional airfoil. 
Reynolds numbers are significant to consider since the lift and drag changes with angles of 
attack and Reynolds numbers (Wood 2011, 69). 
Giguere and Selig (1997) accentuates that low Reynolds number has a huge impact on small 
wind turbines since their drag is controlled by laminar separation. Shames (2003) stated that 
separation occurs as a result of an unfavourable gradient that denies the fluid flow to follow the 
boundary layer.  
According to Poole and R. Phillips (2016). Low Reynolds number is most critical issue in the 
area where blades operate in a small wind turbine. The lift-to-drag ratio is hugely affected by the 
discrepancies in the Reynolds number. That means a turbine blade is hugely affected by the 
Reynolds number regime. 
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Figure 29. Relationship concerning Angle of attack versus Lift/Drag Ratio (Source: Kaviti, 2015:322) 
2.24 Constant Cord 
Maximizing lift-to-drag ratios is done by optimizing turbine blades thereby ensuring that they 
can operate at constant wind conditions Kishore and Priya (2013:12). However according to 
Poole and Phillips (2016: 48), “this method depends on a specific optimum design Tip Speed 
Ratio (TSR), and thus may not apply to a HAWT operating in varying wind conditions as sub-
optimum power output may be expected in such conditions”. Responding to this challenge, the 
designers recommended for the ‘constant-chord’ that was tailored to improve electrical energy at 
low wind speeds and low Reynolds number. The approach aims to produce an aerofoil while 
operating at a higher Reynolds number and low Angle of Attack. This is accomplished by 
maintaining an optimum thrust blade and increasing the chord length. Wood (2011) described the 
benefits of the concord method as, decrease in the angle of attack minimizes Aerofoil Stall, start-
up torque increased, simplified absorption of gust energy due to the decrease in angle of attack 
and increased lift-to-drag ratio due to increased Reynolds number. 
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Figure 30. Constant Chord Design & - Lift-to-Drag Optimized Design (Source: Poole and Phillips,  2016:49) 
2.25 RESEARCH GAP 
Majority of the literature above deals with blade materials that were used to design wind turbine 
blades in the past like steel, wood, fibreglass and others, little emphasis was put on composite 
materials. This research will investigate thoroughly the degree of how Thermoplastic Resin, 
Aluminium alloy and Titanium alloy design small scale horizontal axis wind turbine and 
discover the most ideal one. Much emphasis will be on Von Misses Stress and Displacement 
2.26 Chapter summary 
A number of literature sources have been apprised in this section and a number of them focused 
on the design of larger wind turbine blades that are mostly installed in larger wind farms. The 
current study focuses on the performance analysis of smaller wind turbines of blade size 50cent-
meterlong. The results and recommendations from preceding researches have been considered 
and applied to support the expedition of the current research study on types of wind turbines, 
sizes of wind turbines and how different blade material types impact wind turbine performance.  
The next section offers detail on the research methodology, design and philosophy. 
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CHAPTER THREE 
RESEARCH METHODOLOGY 
3.0 INTRODUCTION 
The chapter aims to discuss research methods used in the paper that were used in the research 
study. The work involved four main stages which are as follows, model definition of the blade 
geometry where the blade properties to be used in the simulation, the model of the blade model 
was constructed using Autodesk Inventor professional software, meshing of the blade and lastly 
the model of the blade model was simulated in Finite Element Analysis where equal loads were 
applied. Comparisons on stress, strain, deformation between Thermoplastic resin, Aluminium 
alloy and Titanium alloy will be carried out. 
3.1 RESEARCH PHILOSOPHY 
According to Saunders, Lewis, and Thornhill (2009), philosophical methods permits the 
researcher to elect the appropriate approach and why it was elected and is derived from the study 
research questions. There are many types of research philosophies which include Ontology, 
Epistemology, Positivism, Realism, Interpretive, and Axiology. Merriam (2009) is of the view 
that a positivist paradigm is the best in a research setting where statistical data can be used to 
derive to a conclusion.  
 
Positivism   
According to (Yin, 2012:23), a positivism paradigm makes use of statistical data to define a 
research phenomenon. This research study was grounded on a positivist approach. Merriam 
(2009) adds that the positivist model is most suitable in researches where statistical data can be 
used to get a research conclusion.  
3.2 RESEARCH METHODOLOGY 
According to Myers (2009), research methodology is defined as an enquiry approach, which is 
derived from the data collection and the fundamental assumptions to the research design. There 
are two dominant research methodologies which are namely the qualitative research 
methodology and the quantitative research methodology.  
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 There is the third research methodology which is the mixed methodology. The mixed 
methodology inherits the properties of both the quantitative and the qualitative research 
methodology. The results from the experiments were observed. Conclusions were drawn after the 
results produced in ANSYS were observed.  
Qualitative research methodology 
Hancock (2009) indicates that the aim of qualitative research is to enhance people’s 
understanding and knowledge of how things came to be the way they are in the social world. 
Atieno (2009:16) states that a “Qualitative research is good at simplifying and managing data 
without destroying complexity and context.” Those whose mission is to discover the underlying 
truth in its ordinary standard mostly favour this research technique (Greenhalgh and Taylor 
(1997). The main purpose of qualitative methods is to come up with better new ways of seeing 
existing data. 
Yauch and Steudel (2003) stated that the main drawbacks of qualitative research are that the 
researchers’ interpretation of data will always be limited, the technique is time-consuming and 
often omits vital matters that could have been important to the research.  
 
Quantitative research methodology 
A quantitative research methodology utilizes experiments, questionnaires, observations and 
surveys to collect facts that can be tabulated. They also predict outcomes, quantity variables, 
express their correlations and demonstrate associations making use of statistics with the aim of 
testing a theory (Hittleman and Simon, 1997:31). According to Muijs (2004:1) a “Quantitative 
research is explaining phenomena by collecting numerical data that are analysed using 
mathematically based methods (in particular statistics).” This method is most appropriate in 
situations where the researcher needs to collect data that is numerical and when the researcher 
needs to statistically analysis the data. According to (Bryman 2012:35) a quantitative research is, 
“A research strategy that emphasises quantification in the collection and analysis of data…” 
Mixed Methodology 
This research methodology focuses on collecting and analysing both qualitative and quantitative 
data in a single research study. “Its central premise is that the use of quantitative and qualitative 
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approaches, in combination, provides a better understanding of research problems than either 
approach alone.” Creswell and Plano Clark (2011). In this study, the researcher integrated both 
qualitative and quantitative data to analyse the horizontal axis wind turbine using Finite Element 
Analysis approach although the study was more quantitative and less qualitative. This means that 
the researcher used the mixed methodology.    
3.3 RESEARCH DESIGN 
A research design is considered valid when its conclusion is correct and the research design is 
the theoretical blueprint where the research is conducted Akhtar, (2016). It is considered as the 
clearly well-defined arrangement within which the research is conducted (Burns and Groove, 
2001).  
Types of Research design  
There are many types of research design which include the exploratory, descriptive, explanatory 
and experimental.  
 
Exploratory Research 
Exploratory research is a primary research phase and its initiative is to attain new insights to a 
phenomenon. It is one with a drive of formulating situation and developing a hypothesis usually 
done when there are few or earlier studies to which references can be obtained. This type of 
research is usually more appropriate where little research knowledge is available (Akhtar, 2016). 
Descriptive Research 
Descriptive Research is also known as a statistical research. It describes occurrences as they 
occur. Mainly used to obtain and identify information of particular issues like groups of people. 
This type of research refers to social situations, social events and others. The observer describes 
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the outcomes. They give answers to the questions who, what, how and when. It is used to study 
the current situation (Akhtar, 2016). 
 
Explanatory Research Design 
This type of design is applied when the drive of the research study is to discover something that 
has never been studied before. It is mainly concerned with causes of a phenomenon.  
Experimental Research 
Experimental design is a type of research design, which is used to test causal relationships under 
controlled situations. Experiments are observations carried out under controlled conditions. In an 
experiment, variables are manipulated. When conducting experiments, different types of 
evidence need to be controlled so that hypothesis testing can be carried out, and the underlying 
relationship can be found. In this context “control” has to do with holding constant one factor 
constant while at the same time letting others free to vary (Akhtar, 2016). In this study the 
experimental research design was used. 
3.4 DATA ANALYSIS 
Research literature insists that there are many ways research data can be analysed. The nature of 
the analysis method used is influenced by whether the research data is qualitative or quantitative 
in nature. Whilst qualitative data is often analysed using inductive analysis, quantitative is 
analysed using deductive reasoning tools. Deductive analysis requires that the researcher use 
statistical tools to make sense of the data collected. In this study, graphs, frequency tables and 
percentages were used to present the results of the data. Graphs and tables were used because of 
their ability to reduce complex data into readable and easy-to-interpret information (Migrant & 
Seasonal Head Start, 2006). The first step involved preparing data for analysis. This involved 
ridding simulation output data of transcription errors, inaccurate facts, incomplete responses and 
ambiguous statements. The next step involved sorting, categorizing and synthesizing data as well 
as reviewing recorded data (Maree, 2010:83). Once the data was categorized, intelligence write-
ups based on common themes or subheadings were compiled before a draft was prepared.   
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Analyzing quantitative data at times include calculations and is usually associated with either 
supporting a hypothesis or rejecting it (Hox and Boeije, 2005).  On the other hand, analyzing 
data in a qualitative research normally take in familiarizing oneself in the data and then 
observing the patterns and searching for the relationships that exists (Kaulich, 2015). Yin (1994) 
is of the view that data analysis comprises of scrutinizing and recombining the data in order to 
answer the research objectives.  The purpose of the research study is to drive the analysis of data 
(Krueger and Casey, 2000).  The analysis of the data was done in inventor software.  
 
ANSYS Stands for Analysis System. ANSYS software is used when developing simulations that 
examine the durability of products, movement of fluids and the distribution of temperature. It can 
combine with other desktop engineering software’s like FEA and CAD modules.  In this work, 
the blade designed in Autodesk inventor was analyzed for durability in FEA. The blade was 
meshed in Autodesk Inventor software. 
 
Testing  
There are many different types of tests that can be performed on materials. In this study tensile 
tests, shear tests, von mises tests, mass density tests and tests stress were conducted.  
After the turbine blades were meshed in FEA. Pressure was loaded on the blades and they 
reacted differently. They were tested under the same aerodynamic loads. The wind turbine blades 
were tested under the same aerodynamic loads and tested for von misses, 
defamation/displacement in Finite Element Analysis. 
 
Reliability 
This refers to the level of accuracy or consistency with which a research instrument accurately 
measures what it is deliberated to measure (Polit and Hungler, 1997:296). Reliable results 
obtained from a study don’t change even if the study is repeated by other people. To ensure 
reliability, the experiments were repeated three times on each material.  
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Validity 
In a simulation study validation is the method of determining if the model is an actual 
exemplification of the real system, and if it can meet the objectives of the study (Law, 2000).  In 
order to determine if the simulation model was the best demonstration of the wind turbine blade 
it was validated in order to ensure that it meets the study objectives. If the simulation model is 
valid therefore it means that it can now be used for decision making. The experiment was 
validated by observing the animations of the simulation model. Issues in the study were assessed 
for credibility, transferability, dependability and conformity.  
Verification 
Its aimed at determining if the simulation model was correctly translated into the computer. The 
researcher perfectly debugged the simulated prototype.   
Credibility 
This is whereby the results of the simulation model and the simulation itself are considered as 
correct by the decision maker. According to (Ary et.al, 2014:531) credibility demonstrates that 
the results of the research study can be reliable. Issues in the study were triangulated so as to 
support credibility.  Ormrod and Leedy (2010:64) asserts that triangulation of data involves 
comparing and contrasting data from many different sources. Factual discrepancies were 
removed throughout the activity of triangulation.  
Transferability 
According to (Leedy and Ormrod, 2010:45) transferability refers to the extent to which the 
research results can be transferred to other studies of similar nature.  
Dependability 
Yin (2012:45) claims that dependability pursues to establish research findings consistency of 
findings. The simulation was checked for all potential errors before analysis.  
Conformability 
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Conformability questions how the research findings are supported by the results (Leedy and 
Ormrod, 2010:89). To achieve conformability, an audit trail was completed in order to assist the 
researcher in tracing how each finding was arrived at. The participants were also challenged to 
critique the draft report and their inputs were refectories in the final report.  
3.5 EXPERIMENTS 
This is a research study that abides strictly to a scientific research study design. Experiments 
consist of at least one variable that the researcher can manipulate, a hypothesis and variables that 
can be compared and calculated. Experimental researches are concluded in an environment that 
is controlled. The hypothesis will be supported or rejected by data collected by the researcher. 
Experiment research methods are known as deductive or hypothesis testing research methods. 
Experiments involve controlling a variable in order to determine if modifications of one variable 
affects the other variable. By definition a variable is whatsoever in an experiment that can vary. 
Three kinds of variables are independent, dependent and controlled. An experiment has the 
following advantage since it has an exceptional ability to separate casual factors as experiments 
are highly controlled and results are more accurate. In this research study due to the high 
expenses of carrying out the physical experiment a simulation was carried out to investigate the 
contribution of different types of materials to the life span and resistance of a turbine blade to 
aerodynamic forces.   
Characteristics of experimental research  
 The variables are verified one at a time. 
 Must be unbiased and fair.   
 Contribution of external factors to contribute to the outcome is not allowed.  
 The test must be a valid and must provide a hypothesis.   
 Repeated trials are done to minimize outcome errors. 
 
Advantages of experiments  
 The researcher using experiments has more control over extraneous variables than 
researchers using other research designs. 
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 Experiments give researchers a great level of control. Particular variables can be isolated 
and that makes it possible to determine if it is possible to determine the potential 
outcome. 
 They make it possible to manipulate independent variables so as to observe the dependant 
variable effect. This makes it possible to determine whether there is a cause and effect 
relationship between the Independent Variable and the Dependant variable.  
 Results from experiments can be duplicated.  
 
Disadvantages of experiments  
 At times the experimental situation might not accurately represent the real world 
situation. 
3.5.1 Simulation 
This research will carry out simulations because they provide designers with practical feedback 
when designing real word systems. This allows the designer to determine the correctness and 
efficiency of a design before the system is actually constructed Law et al (2000). Simulations are 
also less costly to carry out as compared to experiments.  
Simulations help to answer what if questions where as other research methods answer how and 
why a certain phenomenon happens. Simulations facilitate the study of complex situations and 
looks into the future where as other methods look back to the past on how it happened (Dooly, 
2002).  
A simulation will be carried out. A simulation provides researchers and designers with practical 
feedback when designing real word systems. It allows designers to determine the correctness and 
efficiency of a design before the system is actually constructed Law et al (2000). The researcher 
preferred to use simulation since it is less costly and consumes less time as compared to carrying 
out experiments. For the purpose of this study three different horizontal axis turbine blades 
designed from different materials of the same geometry will be simulated using Finite Element 
Analysis (FEA). 
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A Simulation permits research studies of more multifaceted systems because it generates 
observations by “moving forward” into the future (Dooley, 2014). A model is a representation of 
reality that helps individuals to get an insight on how a phenomenon works. 
Advantages of Simulation 
 It allows sensitive analysis of complex systems. In other words, it permits the 
decision makers to examine interactive system variables.  
 Is the only available tool when other techniques fail 
 One model can be applied in various analyses repeatedly. 
 It is less costly when compared to real systems 
 Requires less simplifying assumptions 
 Simulations are risk free. 
 
Disadvantages of Simulation 
 At times simulation models are expensive and take longer to build. 
 It does not generate answers by itself instead the researcher has to supply all the 
constraints for the solution. 
 Repetitions when running the same model are necessary so as to achieve 
dependable data.   
Below are three focal schools of simulations:  
• Discrete event simulation focuses on modelling the system as a set of objects 
developing in a time series of instantaneous occurrences due to the obtain 
ability of resources and the triggering of proceedings.  
• System dynamics, this school take in identifying key “state” variables that 
explain the behaviour of a system and associates the variables through 
differential equations.  
• Agent-based simulation, this school involves agents that try to get the best out 
of their appropriateness (utility) functions by interrelating with other resources 
and agents. 
•  
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The researcher used Systems Dynamics in the study. The inputs into the simulation experimental 
setting were the dependent and independent variables 
.  
Dependent Variable 
These are variables that hinge on or are affected by other variables during an experiment. In 
other words, a dependent variable is the one that is being tested upon in an experiment. 
Dependent variables react to changes that happen to the independent variables. They are named 
dependent variables since they depend on other variables. In scientific experiments dependent 
and independent variables work hand in hand. For example, in this study the dependent variables 
were the blade materials which are Aluminium Alloy, Thermoplastic Resin and Titanium Alloy.  
Independent Variable  
These are variables that are controlled or altered in scientific experiments and represent the cause 
of a certain outcome. An experimenter alters the independent variables in order to test the 
dependent variables.  Changes happen to dependent variables after independent variables are 
changed are recorded and measured. The pressure loads were the independent variables.  
3.6 STUDY SETTING 
A research setting refers to the setup where data analysis takes place. Data was analysed in the 
computer simulation program after the turbine blades were designed in Autodesk, meshed and 
analysed in F.E.A.  
Preparation of the Blade materials used in the experiment 
The turbine blades were designed in Autodesk inventor software. Three possible blade materials 
were selected and designed for the study. The first blade was designed using Thermoplastic 
Resin, the second one was designed using Aluminium Alloy and the third one was designed 
using Titanium Alloy. The blades were successfully designed in Autodesk inventor, meshed and 
tested in ANSYS software.  The mass densities of thermoplastic resin, aluminium alloy and 
titanium alloy are as follows 1280g/m3, 2700g/m3 and 4150g/m3 respectively.  The experiment 
setup was 100% success.  
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Meshing the blade 
A mesh is a CAD model being split into discrete fragments that are attached together. It can also 
be defined as a collection of interlocked finite elements which are merged together at their nodes 
that signify the profile of endless geometry consisting of both interior value and the exterior 
surface. Meshing aids in not considering the individual edges and faces. Surface uniformity is 
ensured. In this study, the blade was meshed in FEA. 
Types of Meshes 
There are many types of meshes that can be used for example Solid, Midsurface, Solid / 
Midsurface, Shell, Boundary, Bar and others. 
Solid  
It produces a solid mesh for the model. This process of meshing generates an ideal prototype of 
the solid volume.  
Midsurface 
The midsurface type produces a mesh of quadrilateral elements shell elements defined through 
shell pair’s idealizations.  
Solid / Midsurface 
Solid / Midsurface creates a mixed mesh of shell and solid elements on the model.  
Boundary  
Produces a shell mesh of quadrilateral or triangular elements on prototype's external surfaces. 
Bar 
It produces a mesh on one-dimensional inventions like weighted links, beams, masses springs, 
contacts, and rigid links. 
     The researcher used solid mesh since it is the standard solid element where the material is 
represented throughout the component or structure (Zardadkha, 2012). 
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After the blade was modelled it was meshed as a solid body. The meshing of the model was 
conducted in AUTODESK INVENTOR PROFESSIONAL 2019.The mesh sizing function was 
closeness and bend. The body sizing function was also introduced. After conducting a mesh 
consideration reading on different element size of 0.02mm and average element of 0.01mm size 
was chosen. The final mesh analysis consisted mainly of tetrahedral and pyramid elements where 
necessary. The blade had a mesh of 220490 nodes points and 125446 elements.  
.  
 
 
Figure 31. Meshed Blade Geometry 
Table 2. Meshing Details 
ect Name Mesh 
Statistics 
Nodes  220490 
Elements  125446 
Min element size  0.02mm 
Max turning angle 60
0
 
Average element size  0.01mm 
The table above represents the meshing details of the wind turbine blade applied during 
simulation. 
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Nodes 
In Finite Element Analysis, the model was divided into small pieces called Finite Elements a 
point called nodes is where the elements connect. The meshed blade 220490 nodes. 
Elements  
This is a substance that is impossible to break down into any other substance. The meshed blade 
produced 125446 elements. 
Element size 
The minimal element size for the model was set to 0.02 mm and theaverage element size was 
0.01mm. 
Maximum turning angle 
The maximum turning angle 60
0 
Autodesk Inventor Software
 
A two-dimension model of blade was established with Autodesk inventor professional software, 
saved as IGS and transferred to finite element modelling environment for advance analysis. 
Autodesk inventor is a digital prototyping approach that permits researchers to simulate and 
create designs before they are made. An Autodesk inventor is a 3D CAD modelling software 
used to design, virtualizes, and test product ideas. It allows you to create product prototypes that 
accurately simulate the weight, stress, friction, driving loads and much more of products and 
their components simulated 3D environment. After the blade was developed in Autodesk 
inventor, it was imported to ANSYS work bench for simulation. 
Blade Loading 
The small scale horizontal axis wind turbine blade subjected to a pressure of 0.020Mpa. 
Bundary Condition 
In order to define a problem that results in a unique solution, information in the flow variables at 
boundaries must be specified. The boundary condition takes along the impact of the real world 
into the domain of simulation. Which means it is applied whenever a value has to be imposed. 
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Therefore, it is used when a value needs to be carried out at a boundary. These conditions 
describe how a system whether fluid of solid interrelates with the environment. Examples of 
boundary conditions are pressure, loads, flow velocities, mass, energy and others.  
Setting a boundary condition 
It is one of the most significant and difficult part of setting up a simulation. Boundary conditions 
take along the effect of the outside world into the domain of simulation. There are many methods 
of setting a boundary condition which include: Dirichlet,Neumann,Robin and others. The 
researcher applied Derichet to set the boundary conditions for the study.  
Dirichlet 
Thisboundary condition stipulates the variables value at the boundary. It is also known as a fixed 
condition. As a result, it is applied when a value has to be imposed at the boundary. A Dirichlet 
condition sets the velocity value to zero. It can be used in a 2D and 3D mesh (Zienkwicz and 
Zhou, 2013) 
 
Neumann  
“In this type of boundary condition, the value of the gradient of the dependent variable normal to 
the boundary , is prescribed on the boundary” (Mazunder, 2016).This boundary condition in 
question stipulates the variables derivative at a boundary. (Cheng et al, 2005) 
 
Robin  
The robin boundary condition stipulates the variables derivative and value combination at the 
boundary. For that reason, these conditions are most appropriate for more complex behaviour 
(Daners, 2008).  
 
Unwell defined boundary conditions mostly have a weighty impact on the answer. The boundary 
used in the study were 
 The root of the blade had a fixed constrain. 
 0.020Mpa pressure was applied at the center of the blade during simulation. 
 Length of the blade is 50cm 
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Table 3. Fixed Constraint 
Constraint Type Fixed Constraint 
  
Table 4. Pressure 
Load Type Pressure 
Magnitude 0.020 MPa 
 
Finite Element Analysis (FEA) 
The structural and strength analysis of the blade was carried out using Finite Element Analysis 
(FEA) model. The program allowed the researcher to create combine structures, model solid and 
contact elements. The Finite Element Analysis will validate the strengths of the blade, identify 
natural frequencies, especially for low order frequencies and vibration models of wind turbine 
blades. From the model the researcher can determine which frequency range the blade will be 
more sensitive to vibration. 
As stated by Nigam (2017), Blades should be designed to avoid the resonance region the tower 
and other component in order to prevent the destruction of related components. The finite model 
of the blade will be established in ANASYS by importing the blade surface model created 
previously combined with the actual layer structure of existing 9kw blades. Modal analysis was 
carried out to check whether the mechanical properties of the blade meet certain safety 
requirements. 
The Finite Element Analysis method was used to simulate airflow around the wind turbines. The 
researcher virtually tested the attributes like strength and stress on the blades of the small scale 
horizontal axis wind turbine. According to Bathe (2014), the FEA techniques are applied widely 
when investigating objects structures, transfer of heat and fluids and it is very handy in analysis 
of every field of engineering. The geometry of the blade was modelled in ANSYS in order to get 
the properties required (Tenguria, 2010). The FEA method was used to recommend appropriate 
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adjustments of the wind turbine to archive a low cost wind turbine that operates at low and 
fluctuating wind speeds. 
Jureczko et al (2005) defines the Finite Element Analysis (FEA) model as a numerical technique 
that can be applied for solving engineering problems and it is a useful tool in situations where 
analytic solutions for material properties cannot be attained. It is applied when analyzing stress 
on beams, trusses and other structures. According to Shinde (2015), finite element analysis 
(FEA) or the finite element method (FEM), is a computational method that can be applied in 
order to acquire estimated results of boundary value engineering problems. This model was 
developed in ANSYS software using the APDL language. 
 
The FEA method is parametric which means that it is expressed in terms of parameters. The 
parameters are the total numbers of stiffening ribs and their arrangements, shell thickness and 
material combinations are the inputs for the program. Various blade models, basic dimensions 
and thickness modification can be created using a given parametric file 
 
Jerecko et al (2005), conducted a study about the Finite Element Analysis Model. It was on a 
blade of a wind turbine. It used an NACA 62-212 airfoil. In their effort, they used the CATIA V5 
to model the turbine and they used a total of five blade materials. The list of the materials 
included T-Graphite Epoxy, stainless and structural steel, Aluminum and titanium alloy. The 
main objectives of their experiment validate the blades strength and as well make a comparison 
that will assist in selecting the ideal material for developing a turbine blade.  
 
Abraham et al (2016) defined the finite element method as very handy and has frequently been 
applied in turbine blade development. The simulations in most cases predict the global stress 
with accuracy.   
 
According to Abraham et al (2016) the perfect materials must have the following qualities: 
“Wide availability and easy processing to reduce cost low weight or density to reduce 
gravitational forces. High strength to withstand strong loading of wind and gravitational force of 
the blade itself. High fatigue resistance to withstand cyclic loading. High stiffness to ensure 
stability of the optimal shape and orientation of the blade and clearance with the tower. High 
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fracture toughness. The ability to withstand environmental impacts such as lightning strikes, 
humidity, and temperature. 
 
 
 
Figure 32. Turbine Blade in ANSYS 
The finite element analysis in ANSYS software will be carried out for Structural analysis on 
three different blade materials of wind turbine blade. And by changing their properties the 
analysis will be achieve. In the analysis the value of Von-Mises stress, Von-Mises strain and 
Deflection will determine the suitable material for a wind turbine blade. The aim is to compare 
the final results such as different Stress Distribution values and the deformation that may happen 
to the turbine blade when it is subjected to the wind forces. And, also the material that will give 
more high efficiency of power output, at average low wind speed.  
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Figure 33. Finite element model of wind turbine blade 
Validation of FEA Model  
The solid works of blade airfoil is saved as an IGS format file for analysis. Later the IGS file is 
imported to the Autodesk Inventor. The imported airfoil blade file is defined using first choice 
and the element type is given. The material of the turbine blade is assigned from the Autodesk 
environment, meshing was the next step after the blade material was assigned. Autodesk 
meshing helps in ignoring the individual faces and edges. It ensures the equality of the surface 
and it is an essential procedure in the analysis using Autodesk inventor software. After meshing 
the pressure loads of 0.020mpa was applied on the blade while the end of the blade is fixed 
constrained. The total area of the surface was calculated and the pressure is given as force per 
total area. The pressure applied was 0.020Mpa on either side. After the load definition, the blade 
is analysed using Autodesk inventor professional in finite element analysis on the basics of the 
values of von misses and deflection occurred when it is subjected to the pressure forces.  
 
Von Mises Stress 
Von Mises Stress was used to determine when the turbine blades yield. It is usually applied in 
ductile materials like metals.  The principle assumes that the materials Von Misses under load is 
greater or equal than the yield limit under tension which is determined experimentally then 
material will break.  It is measured in Mega Pascal’s (MPa). The research was based on von 
mises since this theory is straight forward in the sense that  
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Maximum Shear Stress 
It is referred to as the maximum rigorous shear force in a small area. Maximum shear stress is 
very essential for a structural engineer to detect and assess it in a material so as to design the 
material in a manner to resist it. 
Maximum Strain 
The Maximum Strain theory is grounded on the supposition that failure is caused by a quantified 
maximum normal strain and that it will happen at a specific part in the material exposed to a 
haphazard state of strain when the normal strain touches a limiting level. 
Maximum normal stress  
It also known as Coulomb's criterion. This theory assumes that failure happens when 
the maximum principal stress come to level with the ultimate strength of the body for 
simple tension. The Maximum normal stress criterion is applied in brittle bodies. 
3.7 OBSERVATIONS 
Fox (1998) is of the view that observational studies permits the one carrying out the research to 
see the results from the study or to eye witness what happens. Powell & Connaway, (2004), 
Williamson, 2000; Pearsall, 1970), described observations as a research method. According to 
Gorman and Clayton (2005) observations take in the logical recording of a noticeable 
phenomenon. 
Types of observational methods includes naturalistic, participant and laboratory 
Naturalistic  
Behaviours are observed in their natural settings. The observer does not manipulate or take part 
on what is happening. Which means the observer only observes and nothing else? 
Participant 
The observations are carried out in their natural setting but the observer manipulates the 
environment and participates in the situation.   
Laboratory 
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Behaviours are observed in a controlled setting. With or without the participant awareness or 
researcher’s participation.    
Advantages of Laboratory observations  
 Permits additional control than in a naturalistic observation  
 The researcher can manipulate a situation.  
In this study the researcher used the Laboratory observational method although the test site was 
done in simulation.   
Limitations of the study 
Considering that the study only considered simulating on only three materials that can be used in 
designing wind turbine blades, the outcomes or results might have left out other better alternative 
materials that can be used in the design of wind turbine blades.  
ANSYS could have been used in the study but was abandoned since the researcher faced 
challenges on using it and struggled to get assistance from fellow mates and ANSYS failed to 
deliver accurate results.    
3.8 Chapter summary 
This section presented the research methodology that was used in the study. In this study a 
simulation eperiments that produced quantitative output were used. The simulations results are 
presented in chapter four. 
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CHAPTER FOUR 
4.0 DATA ANALYSIS AND FINDINGS 
In the previous sections significant literature unfolding the issue were studied to provide 
sufficient understanding concerning the subject area. The previous chapters also provided the 
basis to meet the study research questions, to answer research questions and finally to test the 
hypothesis of the research. 
Simulation results were presented and analysed in this chapter and important analysis findings 
were discussed. The central drive of this section is to confer the examination, interpretation and 
to present the outcome from the simulations. The objectives and hypothesis of the study were as 
follows: 
Research objectives 
 The main objective of this research is to select the material that is ideal for blade design. 
 To determine the materials that can withstand aerodynamic loads and have low 
displacement/deformation and less Von Mises Stress 
 To make recommendations on the materials that can use for blade design.    
 
Research Hypothesis 
Hypothesis 1 
H0:    Using different composite blade materials have the same effect on the strength and 
resistance to fatigue of the blade.   
H1:  Using different composite blade materials have different effects on the strength and 
resistance to fatigue of the blade.   
Hypothesis 2 
H0:     Designing wind turbine blades which are of the same size by made from different 
materials have the same weight. 
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H1:      Designing wind turbine blades which are of the same size by made from different 
materials have the different weights. 
The three different types of blades 
The wind turbine blades were designed from Thermoplastic resin, Aluminium alloy and 
Titanium alloy. The properties are depicted as shown in tables below. 
Table 5. Material Properties of Thermoplastic Resin (Plastic and vinyl material) 
Name Thermoplastic Resin (Plastic and vinyl material) 
General 
Mass Density 1.28 g/cm^3 
Yield Strength 57.2 MPa 
Ultimate Tensile Strength 114 MPa 
Stress 
Young's Modulus 3.3 GPa 
Poisson's Ratio 0.36 ul 
Shear Modulus 1.21324 GPa 
Part Name(s) Wind blade 
The table above presented the material properties of thermoplastic resin. 
Table 6. Material properties of aluminium alloy 
Name Aluminium Alloy (copper,magnesium,manganese,silicon,tin and zinc) 
General 
Mass Density 2.7 g/cm^3 
Yield Strength 275 MPa 
Ultimate Tensile Strength 310 MPa 
Stress 
Young's Modulus 68.9 GPa 
Poisson's Ratio 0.33 ul 
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Shear Modulus 25.9023 GPa 
Part Name(s) Wind blade  
 
Table 14 depicted the material properties of aluminium alloy. 
Table 7. Material Properties of Titanium Alloy 
Name Titanium Alloy 
General 
Mass Density 4.51 g/cm^3 
Yield Strength 275.6 MPa 
Ultimate Tensile Strength 344.5 MPa 
Stress 
Young's Modulus 102.81 GPa 
Poisson's Ratio 0.361 ul 
Shear Modulus 37.77 GPa 
Part Name(s) Wind blade 
The material properties of titanium alloy were presented in the table above 
4.2 MASS DENSITY OF THE WIND TURBINE BLADES 
Density can be referred to as a mass of a substance. Light weight blades are more ideal as 
compared to heavy weight blades. Mathematically density is calculated by dividing mass over 
volume. The following formula is used  
  
 
 
 
Where p stands for density, m for mass and v for volume.  
Force of gravity force is directly proportional to the mass of an object, objects which weigh more 
are attracted more by the force of gravity. That means by increasing the mass of an object we are 
as well increasing the gravitational force. Heavy weight turbine blades are highly affected by 
gravitational loads.  
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Figure 34. Mass Density of Turbine Blades 
The figure above illustrates the mass densities of the wind turbine blades. The 1kv Thermoplastic 
Resin blade turbine was 1.28, Aluminium alloy 2.7 and Titanium alloy 4.51.  
Differences in mass density between the 1kv turbine blades 
 Thermoplastic resin (plastic and vinyl material) 
The 1kv thermoplastic resin turbine blade had a mass density of 1.28 g/cm
3
; it was 1.42 g/cm
3
 
less than aluminium alloy and 3.23 g/cm
3
 less than titanium Alloy. 
 Aluminium Alloy  
The 1kv aluminium alloy turbine blade had a mass density of 2.7 g/cm
3
; it was 1.42 g/cm
3
 more 
than Aluminium Alloy and 2.11 g/cm
3
 less than Titanium Alloy. 
 Titanium Alloy 
The 1kv titanium alloy turbine blade had a mass density of 4.51 g/cm
3
; it was 3.23 g/cm
3
 more 
than Aluminium Alloy and 1.81 g/cm
3
 more than Titanium Alloy. 
The table, graph and calculations illustrate the densities and their difference between the three 
different materials. Results clearly illustrate that the blades designed of the same size and 
dimension but weights differently with respect to the composite materials used to design them. 
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The one designed from Thermoplastic resin was 1.280 g/m3, Aluminium Alloy was 2.700 g/m3 
and Titanium Alloy 4.510 g/m3. In comparison from the three materials used in the experiment 
thermoplastic resin weighed less followed by aluminium alloy and titanium alloy was denser. 
4.3 YIELD STRENGTH 
 
Figure 35. Yield Strength of Turbine Blades 
The figure above represents a summary of yield strength of the materials. Yield strength of the 
material refers to the maximum stress that can be applied to it before permanently deforms. The 
yield strength of thermoplastic resin has yield strength of 57.2 MPa, aluminium alloy was 275 
MPa and for titanium alloy has yield strength of 275.6 MPa. 
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4.4 ULTIMATE TENSILE STRENGTH 
 
Figure 36. Ultimate Tensile Strength of Turbine Blades 
The figure above depicts the data of the ultimate tensile strength of the three materials. Ultimate 
tensile strength is referred to the maximum stress that a material can endure before failing. It is 
the opposite of compressive strength. Thermoplastic resin has an ultimate tensile strength of 
344.5 MPa, Aluminium Alloy has an ultimate tensile strength of 310 MPa and Titanium alloy 
has a tensile strength of 344.5 MPa. 
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4.5 YOUNG'S MODULUS 
 
Figure 37. Young’s Modulus 
According to Figure above, thermoplastic resin has a young modulus of 3.3 MPa, aluminium 
alloy has a value of 68.9 MPa and lastly titanium alloy has a young’s modulus value of 102.81 
MPa. Young’s modulus measures the resistance of a material to elastic deformation under a load. 
It relates stress to strain.  
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4.6 POISSON'S RATIO 
 
Figure 38. Poisson’s Ration 
The figure above shows the values of poison’s ratio of the three materials. Thermoplastic resin 
0.36ul, aluminium alloy 0.33ul and titanium alloy 0.361ul.  This is the measure of how much 
change in diameter of a material whenever it is pulled lengthwise.  
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4.7 SHEAR MODULUS 
 
Figure 39. Shear Modulus 
The figure above depicts the shear modulus of thermoplastic resin (plastic and vinyl material), 
aluminium alloy and titanium alloy. Shear modulus is the ratio of shear stress to shear strain. 
Thermoplastic resin has a shear modulus of 1.21324 GPa, aluminium alloy has a shear modulus 
of 25.9023 GPa and titanium alloy has a shear modulus of 37.77 GPa. 
4.8 RESULT ANALYSIS 
This involves critically analysing research findings carefully and at times 
using statistical methods to easily explain and understand. Mathematical models of systems are 
constructed in simulations that are used to explore model behaviours by running simulations 
usually on a computer. The simulations were made up of three experiments where three different blade 
materials were provided as input variables. The model was evaluated   to compute blade materials for 
outcomes of interest and the outcome values were collected for analysis. The experiments were 
carried out and the results were analysed. Thermoplastic Resin (plastic and vinyl material), 
1
.2
1
3
2
4
 
2
5
.9
0
2
3
 
3
7
.7
7
 
T H E R M O P L A S T I C  R E S I N  A L U M I N U M  A L L O Y  T I T A N I U M  A L L O Y  
SHEAR MODULUS (GPA) 
Shear Modulus (GPa)
 93 
 
Aluminium Alloy and Titanium Alloy were experimented on and the results were analysed for 
Von Misses and Displacement.    
 
Result Analysis on Von Misses Stress   
A value used when determining if materials will break or yield is called Von Misses stress. Von 
Misses is usually applied in ductile materials like metals.  The principle assumes that the 
materials Von Misses under load is greater or equal than the yield limit under tension which is 
determined experimentally then material will break.  It is measured in Mega Pascal’s (MPa). 
Von Misses Stress themoplastic resin 
 
Figure 40. Von Misses Stress on thermoplastic resin 
The figure above depicted reuslts on Von Misses Stress of Thermoplastic resin (Plastic and vinyl 
material). The value was 0.4545 MPa  
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4.8.2 Von Misses on Aluminium Alloy 
 
Figure 41. Von Misses Stress on Aluminium Alloy 
The figure above shows the reuslts on Von Misses Stress of aluminuim alloy. The value was 
0.2569 MPa 
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4.8.3 Von Misses stress on Titanium Alloy 
 
Figure 42. Von Misses Stress on titanium alloy 
Figure 4.6.2 shows the reuslts on Von Misses Stress of titanium alloy. The value was 0.2224 
MPa 
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Figure 43. Summary of Von Misses Stress 
Figure 4.6.3 Shows a summary of Von Misses Stress of the three materials. 
Table 8. Summary of Von Misses Stress Results 
Material Themoplastic 
resin(Plastic and 
vinyl material) 
Aluminium alloy Tiatanium alloy 
Stress [mpa] 0.4545    0.2569 0.2224 
 
The simulation results indicates that thermoplastic resin (Plastic and vinyl material) has a von 
misses stress of 0.4545 MPa, Aluminium Alloy has a von misses stress of 0.2569 MPa and 
Titanium Alloy has a Von Misses stress of 0.2224 MPa. Of the three materials Thermoplastic 
Resin (Plastic and vinyl material) has more value of Von Misses stress followed by Aluminium 
Alloy and Titanium Alloy has the least von misses stress. Mathew et al (2018) states that as the 
values of the Von Mises Stress decreases, the material becomes more favourable. From the 
current simulation results, Titanium Alloy has the most favourable value of Von Mises Stress.  
0
.4
5
4
5
 
0
.2
5
6
9
 
0
.2
2
2
4
 
T H E R M O P L A S T I C  R E S I N  A L U M I N U M  A L L O Y  T I T A N I U M  A L L O Y  
VON MISSES STRESS (MPA) 
Von Misses Stress (Mpa)
 97 
 
Differences between the values of Von Mises 
Thermoplastic Resin (Plastic and vinyl material) 
The 1kv thermoplastic resin turbine blade had a von misses of 0.4545 MPa, it is 0.1976 MPa 
more than Aluminium Alloy and 0.2321 MPa more than Titanium Alloy. 
Aluminium Alloy 
The 1kv aluminium alloy turbine blade had a von misses of 0.2569 MPa, it is 0.1976 MPa less 
than thermoplastic resin and 0.2321 MPa less than Titanium Alloy. 
Titanium Alloy  
The 1kv titanium alloy turbine blade had a von misses of 0.2224 MPa, it is 0.2321 MPa less than 
thermoplastic resin and 0.0345 MPa less than Titanium Alloy. 
The Von Mises value of materials has to be as minimum as possible so the three materials were tested 
and their von misses stress values were compared against each other.  
4.10 RESULT ANALYSIS ON DISPLACEMENT/DEFORMATION 
Displacement is the change in shape or position of a material and is measured from its starting to 
final position. Its unit of measurement is in millimetres (mm). 
 
Figure 44. Displacement/deformation on thermoplastic resin 
Thermoplastic resin had a Maximum displacement of 0.16192 mm 
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Figure 45. Displacement/deformation  on aluminium alloy 
Figure 46 above depicts the displacement/deformation on aluminium alloy                 
Aluminum Alloy had a maximum displacement of 0.00786 mm 
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Figure 46. Displacement/deformation on Titanium alloy 
Figure 47 depicts displacement/deformation on Titanium alloy. It had a maximum 
displacement/deformation of 0.00524 mm 
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Figure 47. Summary of Displacement/deformation results 
Table 9. Summary of Displacement results 
Material Thermoplastic 
resin 
Aluminium alloy Tiatanium alloy 
Displacement/deformation[mm] 0.16192 0.00786 0.00524 
 
Figure 4.7.4 and Table 4.3 summarised the displacement/deformation values of the three 
materials. 
Differences between the values of Displacement/deformation 
Thermoplastic 
The 1kv thermoplastic resin turbine blade had a von misses of 0.16192 mm, which is 0.1613mm 
more than aluminium alloy and 0.16396 mm more than Titanium Alloy. 
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Aluminium Alloy 
The 1kv aluminium alloy turbine blade has a displacement/deformation of 0.00786 mm; it is 
0.15406 mm less than thermoplastic resin and 0.00262 mm more than Titanium Alloy. 
Titanium Alloy  
The 1kv titanium alloy turbine blade has a displacement of 0.00254 mm; it is 0.15938 mm less 
than thermoplastic resin and 0.00262 mm less than aluminium alloy. The blades were tested for 
displacement because the researcher needed to compare the values of displacement and select the 
material with the least value. 
Table results give a snapshot of the results regarding the simulation results. Thermoplastic resin 
displaced with 0.16192 mm, Aluminium Alloy by 0.00786 mm and lastly Titanium Alloy 
displaced by 0.00524 mm. As Mathew, Athul,Barath and Rakesh (2018) states the material with 
a less displacement value is more favourable. From the results, Titanium has got the least value. 
4.11 OVERALL RESULTS 
The table below represent the overall reults achieved from the finite element analysis  in 
Autodesk Inventor professional software. The value of Von-Mises stress, Mass density and 
Displacement /Deformation are represented in the table below. From the outcomes, the material 
with less decrese in Von-mises stress and Displacement will be selected. 
Table 10. Summary of Mass Density, Von Misses Stress and Displacement/Deformation 
 
         Material 
                                       Properties 
Mass Density [kg/cm
3
] Von-Mises Stress[Mpa] Displacement [mm] 
Thermoplastic Resin 
(Plastic  vinyl materia) 
 
1280 
 
               0.4545    
 
           0.16192 
Aluminium Alloy 
 
 
2700 
 
 0.2569 
 
          0.00786 
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Tiatanium Alloy 
 
 
4510 
 
               0.2224 
 
          0.00524 
Table 18 summarised the mass densities, von misses stress and displacement/deformation values 
of the three materials. 
 
 
Table 11. Result Summary of Aluminium Alloy (copper,magnesium,manganese,silicon,tin and zinc) 
Name Minimum Maximum 
Volume 27339500 mm^3 
Mass 73.8165 kg 
Von Mises Stress 0.000426224MPa 0.256995 MPa 
1st Principal Stress -13.0851 MPa 21.2574 MPa 
3rd Principal Stress -42.7231 MPa 9.0352 MPa 
Displacement 0 mm 0.00786 mm 
Safety Factor 8.38827 ul 15 ul 
Stress XX -17.9364 MPa 11.4269 MPa 
Stress XY -5.34377 MPa 5.22264 MPa 
Stress XZ -7.98424 MPa 5.1177 MPa 
Stress YY -22.0099 MPa 11.9148 MPa 
Stress YZ -5.81088 MPa 7.05259 MPa 
Stress ZZ -42.5031 MPa 20.3135 MPa 
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Table 12. Result Summary of Thermoplastic Resin (Plastic and vinyl material) 
Name Minimum Maximum 
Volume 27339500 mm^3 
Mass 34.9945 kg 
Von Mises Stress 0.00004293 MPa 0.45455 MPa 
1st Principal Stress -21.981 MPa 33.1595 MPa 
3rd Principal Stress -58.3022 MPa 8.9947 MPa 
Displacement 0 mm 0.161921 mm 
X Displacement -0.000602551 mm 0.0549307 mm 
Y Displacement -0.304835 mm 0.193724 mm 
Z Displacement -0.00104846 mm 6.68231 mm 
Equivalent Strain 0.000000115067 ul 0.000442395 ul 
1st Principal Strain -0.0000110073 ul 0.000282152 ul 
3rd Principal Strain -0.000511507 ul 0.00000916667 ul 
Strain XX -0.000188951 ul 0.000194329 ul 
Strain XY -0.000103153 ul 0.000100814 ul 
Strain XZ -0.000154123 ul 0.0000987888 ul 
Strain YY -0.000266557 ul 0.000113357 ul 
Strain YZ -0.000112169 ul 0.000136138 ul 
Strain ZZ -0.000507261 ul 0.000269873 ul 
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Safety Factor 1.64931 ul 15 ul 
Stress XX -34.5392 MPa 23.432 MPa 
Stress XY -5.66344 MPa 6.24176 MPa 
Stress XZ -6.8702 MPa 14.8324 MPa 
Stress YY -32.5297 MPa 22.6486 MPa 
Stress YZ -13.2408 MPa 5.6873 MPa 
Stress ZZ -48.1504 MPa 14.7819 MPa 
X Displacement -0.0140689 mm 1.14632 mm 
Y Displacement -6.35452 mm 4.03715 mm 
Z Displacement -0.0291531 mm 139.236 mm 
Equivalent Strain 0.00000194763 ul 0.0104263 ul 
1st Principal Strain -0.000250578 ul 0.00734252 ul 
3rd Principal Strain -0.0124838 ul 0.000114131 ul 
Strain XX -0.00423719 ul 0.00375374 ul 
Strain XY -0.00233402 ul 0.00257236 ul 
Strain XZ -0.00283136 ul 0.00611275 ul 
Strain YY -0.0040735 ul 0.00394665 ul 
Strain YZ -0.00545681 ul 0.00234386 ul 
Strain ZZ -0.00830007 ul 0.00491856 ul 
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Table 13. Results Summary of Titanium Alloy  (Tin,aluminum,germanium,carbon,oxygen,nitrogen) 
Name Minimum Maximum 
Volume 27339500 mm^3 
Mass 123.301 kg 
Von Mises Stress 0.000046795 MPa 0.22245MPa 
1st Principal Stress -8.316 MPa 31.085 MPa 
3rd Principal Stress -19.5025 MPa 11.5747 MPa 
Displacement  0 mm 0.00524632 mm 
Safety Factor 10.0016 ul 15 ul 
Stress XX -10.9352 MPa 13.0013 MPa 
Stress XY -3.4452 MPa 2.90788 MPa 
Stress XZ -5.96216 MPa 5.06086 MPa 
Stress YY -12.1693 MPa 17.4329 MPa 
Stress YZ -3.10089 MPa 5.81907 MPa 
Stress ZZ -19.0317 MPa 30.1785 MPa 
X Displacement -0.000450269 mm 0.0365781 mm 
Y Displacement -0.203094 mm 0.129014 mm 
Z Displacement -0.000939746 mm 4.44932 mm 
Equivalent Strain 0.0000000657463 ul 0.000249179 ul 
1st Principal Strain -0.0000031293 ul 0.000261904 ul 
3rd Principal Strain -0.000169142 ul 0.0000110362 ul 
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Strain XX -0.000142172 ul 0.0000999017 ul 
Strain XY -0.0000456076 ul 0.0000384946 ul 
Strain XZ -0.0000789272 ul 0.0000669957 ul 
Strain YY -0.0000668293 ul 0.0000977319 ul 
Strain YZ -0.0000410496 ul 0.000077033 ul 
Strain ZZ -0.000158851 ul 0.000249903 ul 
 
4.12 Summary of key findings 
Von Misses 
Titanium Alloy has less value of von misses 0.2224, Followed by Aluminium alloy that has a 
value of 0.2569 and lastly thermoplastic resin which had a value 0.4510.  
Displacement 
Titanium Alloy has a less value of deformation, which is 0.00524, followed by aluminium alloy, 
which had a value of 0.00786, and lastly thermoplastic resin, which had a value of 0.16192 
Density 
Thermoplastic Resin was less dense with a value of 1280, followed by aluminium alloy that had 
a value of 2700 and lastly titanium alloy was denser with a value of 4510. 
The results from Von Misses and density stress favoured Titanium alloy but the densities proved 
to be opposite. 
4.13 RESEARCH HYPOTHESIS 
The research hypothesis was tested and answered.  
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Hypothesis 1 
H0: Using different composite blade materials have the same effect on the strength and 
resistance to fatigue of the blade.   
H1:  Using different composite blade materials have different effects on the strength and 
resistance to fatigue of the blade.   
From the results analysed above, different composite blade materials reacted differently 
to the same loads. The values of the Von Mises Stress and Displacement were different.  
H1 proved to be true. 
Hypothesis 2 
H0:     Designing wind turbine blades which are of the same size by made from different 
materials have the same weight. 
H1:      Designing wind turbine blades which are of the same size by made from different 
materials have the different weights. 
 
After the blades of the same size and dimensions were designed in Autodesk Inventor 
Software, results observed and analysed proved that the blades had different densities. H1 
proved to be true.  
4.14 Chapter summary 
The data was analysed basing on the research objectives and the research hypothesis. The results 
observed from the Autodesk Inventor Software presented the stress and displacement of the three 
materials which are Aluminium Alloy, Thermoplastic resin and Titanium alloy. Hypothesis 
testing, Hypothesis 1 and Hypothesis 2 proved to be true. The relationship between the types of 
material type to displacement was illustrated. The three different materials reacted differently to 
the same loads. Hypothesis 2 proved to be true as well, it illustrated that different materials even 
if they are of the same size weigh differently. The following section will discuss the simulation 
results in full detail and the recommendations will be made in the succeeding section.  
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CHAPTER FIVE 
5.0 RESEARCH FINDINGS DISCUSSION 
The central focus of this section is to deliver an outline of the findings from the previous chapter 
with the aim to draw suitable recommendations and conclusions. The arrangement of this section 
is grounded on objectives of the research and well-versed on the crucial findings of the research. 
Discussions are also built on the views on types of blade materials and resistance to fatigue.   
5.1 FINDINGS FROM THE STUDY 
Composite materials are commonly used in wind turbines due to their excellent mechanical 
properties, matched by low weight. Materials that were selected are thermoplastic resin, 
aluminium alloy and titanium alloy. 
According to Babu el al (2006), when selecting a material, there are necessary requirements that 
are considered. The material must have great stiffness in order to maintain shape, low density in 
order to reduce the effects of the force of gravity and long fatigue life in order to reduce 
degradation of the material. Force of gravity leads to edgewise bending moment caused by the 
blade gravity and mass (Crossley, 2012).  
Thermoplastic resin has the least mass density of 1.280 g/cm
3
 followed by Aluminium alloy that 
has a mass density of 2.7000 g/cm
3
 and lastly Titanium alloy has the most mass density of 4.510 
g/cm
3
.  From the literature, the more mass density of a material means the more it is affected by 
gravitational force. From the comparison between these three composite materials, Titanium 
alloy weighs more and is therefore  greatly affected by gravitational force as compared to the 
other two materials. 
After a force of 0.020 MPa was applied to the wind turbine blades: 
 Von Misses Stress is used to determine if a material will break or yield. Thermoplastic 
resin has the highest Von Misses Stress value of 0.4545 MPa followed by Aluminium 
alloy which has a Von Misses stress value of 0.2569 MPa and Titanium has the least Von 
Misses Stress value of  0.2224 MPa. Titanium alloy has the ideal von misses stress value 
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when compared to the other two materials. Its value has a slight difference when 
compared to thermoplastic resin which has a high unfavourable Von Misses Stress value. 
 
 Thermoplastic resin displaced with a value of   0.16192mm, Aluminium alloy with a 
value of 0.00786 mm and titanium alloy with a value of 0.00524 mm. Titanium Alloy has 
the least displacement value followed by Aluminium alloy and these two materials had a 
slight difference as compared to Thermoplastic resin which has the largest value of 
displacement and have a bigger difference when compared to the other two materials.  
 
 Yield strength of 57.2 MPa is the maximum value that can be applied to thermoplastic 
resin, 275 MPa for Aluminium alloy before it deforms and 275.6 Before Titanium alloy 
deforms. Titanium alloy and aluminium alloy have better values as compared to 
thermoplastic resin which has the worst least value.  
 
 Ultimate tensile strength. There is a huge difference as to the maximum stress that 
thermoplastic resin can endure before deforming. Aluminium alloy 310 MPa and titanium 
alloy 344.5 MPa have a slight difference. Thermoplastic has the worst value of 114 MPa 
and therefore it endures very little stress before failing.  
 
 Young’s Modulus. Thermoplastic resin is less resistant to elastic deformation. It has a 
value of 3.3MPa compared to aluminium alloy which has 68.9 and titanium alloy which 
has the most ideal value of 102.81 MPa.  
5.3 SUGGESTIONS FOR FURTHER RESEARCH 
A similar research that seeks to examine more possible blade materials at different atmospheric 
pressure needs to be undertaken. Such a research is poised to discover more suitable materials 
that designers can choose from.     
In this dissertation only three materials that can be used in wind turbine design were analysed 
and modelled in Autodesk Inventor professional software. The most ideal material for wind 
turbine blades was considered and it possessed outstanding properties that supported structural 
stability after being exposed to loads. The study was successful but more potential materials need 
to be investigated so as to get a variety of materials that has low mass density and low values of 
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von misses and displacement. Titanium alloy had good properties on most comparisons but its 
weight was not ideal since it was heavier than thermoplastic resin.  
5.4 CONTRIBUTION TO EXISTING BODY OF KNOWLEDGE 
In this study different blade materials that are used to design turbine blades were examined. 
Future scholars have more literature available at their disposal that they will refer to in the 
researches in designing since many nations and engineers are adopting wind energy. 
 
5.5 CHAPTER SUMMARY 
In this section, findings were discussed. The next section will conclude the research study and 
recommendations will be made. 
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CHAPTER SIX 
6.0 CONCLUSION AND RECOMMENDATIONS 
After discussing the findings from the research study this section seeks to make 
recommendations and conclude the research study.  
According to Babu et al (2006), when selecting a material, they are necessary requirements that 
are considered. The requirements states that the material must have great stiffness in order to 
maintain shape, low density in order to reduce the effects of the force of gravity and long fatigue 
life in order to reduce degradation of the material.   
These recommendations can be made:  
 Since this study proved that titanium alloy, has the least value of von misses and 
displacement it is recommended that wind turbine designers should consider in their 
designs.  
 
6.1 CONCLUSION AND RECOMENDATIONS 
Since the demand for electricity is increasing and at the same time fossil fuels are depleting, 
wind is an alternative source of energy that is renewable and clean. The wind turbine that is used 
to harvest wind must be improved so that it becomes more resistant to fatigue and durable. In this 
dissertation different materials that can be used to design wind turbine blades were investigated.  
This study focused on improving the blade material that can be used to design the wind turbine 
blade. Three possible materials were investigated in the studies which are Aluminium alloy, 
Titanium alloy and Thermoplastic resin. Simulations were used to carry out the experiments 
since the costs of developing the original blades are exorbitant. The output from the simulations 
gave detail about the values of Von Mises Stress and Displacement/Deformation. Thermoplastic 
resin had a Von misses stress of 0.4545 MPa, Aluminium alloy had a Von Misses of 0.2569 MPa 
and lastly Titanium alloy had a Von Misses of 0.224 MPa. On displacement, Thermoplastic resin 
has a value of 0.16192 mm, Aluminium alloy has a value of 0.00786 mm and Titanium alloy has 
a value of 0.00524 mm. lesser values of von misses and displacement are preferred.  
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Research has shown that different materials even if they are of the same size have different 
weights and respond differently to stress. This means that designers must be careful in material 
selection. Weight has an effect on gravitational forces. The more the weight the more it is 
affected by gravitational loads and importantly factors like von mises’ stress and 
displacement/deformation have to be considered.  
The study objectives were answered. Results roved that Titanium alloy has favourable results 
and proved to be the ideal material for wind turbine blade design and can withstand aerodynamic 
loads and is therefore the recommended material.  
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